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ABSTRACT 

The family of rou t ines  designated as COHORT w a s  recoded i n  FORTRAN-IV 

language and s e v e r a l  improvements were made i n  t h e  rou t ines  i n  order  t o  

inc rease  t h e i r  e f f i c i e n c y  and t o  widen t h e i r  range of a p p l i c a t i o n  t o  

r a d i a t i o n  hea t ing  and t r a n s p o r t  problems. Every e f f o r t  w a s  made t o  d is -  

cover and c o r r e c t  a l l  coding e r r o r s  i n  t h e  updated vers ion  of COHORT and 

the  accuracy of t h e  c a l c u l a t i o n a l  methods used i n  t h e  code w a s  checked 

out  through comparisons of r e s u l t s  from test problems with d a t a  from 

o the r  c a l c u l a t i o n a l  methods. 

A d i scuss ion  of t h e  modif icat ions made t o  COHORT and comparison of 

r e s u l t s  from the  FORTRAN-IV vers ion  of t he  code wi th  d a t a  from o the r  cal- 

cu la t iona lme thods  are given i n  Volume I of t h i s  r epor t .  U t i l i z a t i o n  

i n s t r u c t i o n s  f o r  t h e  FORTRAN-IV ve r s ion  of t h e  primary source genera tor  

rout ine ,  Sol, t h e  secondary source genera tor  rou t ine ,  S02, and t h e  tape  

read rout ine ,  CO1, are contained i n  Volume 11. U t i l i z a t i o n  i n s t r u c t i o n s  

f o r  t h e  h i s t o r y  genera tor  rout ine ,  H01, and t h e  t ape  s o r t  rou t ine ,  J O 1 ,  

are contained i n  Volume 111. U t i l i z a t i o n  i n s t r u c t i o n s  f o r  t h e  two 

a n a l y s i s  rou t ines ,  A01 and A02, are contained i n  Volume I V .  
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I INTRODUCTION 

This document conta ins  t h e  u t i l i z a t i o n  i n s t r u c t i o n s  f o r  t h e  primary 

source rou t ineo  t h e  secondary gamma-ray source rout ine ,  and t h e  tape-read 

rou t ine  which are t h r e e  of t h e  family of seven rou t ines  designated as t h e  

COHORT (Calcu la t ion  of Heating o r  Radiat ion Transport)  code (Ref. 1 & 2) .  

This document fu rn i shes  the  information necessary f o r  t h e  p repa ra t ion  of 

input  data ,  provides ope ra t iona l  i n s t r u c t i o n s ,  and i d e n t i f i e s  the va lues  

p r i n t e d  i n  t h e  problem output data .  

Brief desc r ip t ions  of t h e  methods used i n  t h e  primary source genera- 

t i o n  rou t ine ,  S o l ,  and i n  t h e  secondary gamma-ray source rou t ine ,  S02, 

are given t o  he lp  de f ine  t h e  input v a r i a b l e s .  

The primary output  from the  SO1 and SO2 rou t ines  is  a tape  contain- 

ing va lues  of t he  source p a r t i c l e  parameters f o r  however many source 

p a r t i c l e s  t h a t  are being considered. 

t i n e  a l s o  r e q u i r e  a t a p e  as a por t ion  of t h e  input .  

input  and output tapes t h e  SO2 rou t ine  uses several s c r a t c h  tapes. Since 

tape  assignments are d i f f e r e n t  a t  t h e  var ious  computing f a c i l i t i e s  where 

t h e  COHORT code i s  i n  opera t ion ,  i t  i s  impossible t o  i d e n t i f y  t h e  u n i t s  

t h a t  are used a t  any given f a c i l i t y .  I n  t h i s  document t h e  l o g i c a l  tape  

numbers used i n  t h e  body of t h e  FORTRAN s ta tements  w i l l  be  given i n  any 

d iscuss ion  of t ape  usage and any changes i n  t ape  assignments w i l l  be 

understood t o  modify t h e  d iscuss ion  accordingly.  

The SO2 r o u t i n e  and t h e  C O 1  rou- 

I n  add i t ion  t o  t h e  
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I1 PRIMARY SOURCE GENERATOR CODE SO1 

The Primary.,Source. Generator Code, Sol ,  i s  a procedure f o r  genera t ing  

t h e  n ine  parameters requi red  t o  de f ine  each source p a r t i c l e .  These para- 

meters are t h e  s p a t i a l  coord ina tes  X, Y arid 2; t h e  d i r e c t i o n  cos ines  a, 

13, and y, t h e  i n i t i a l  energy E; t h e  i n i t i a l  weight W; and t h e  number of 

t h e  source region, NR. 

is a t a p e  containing 14 sets of source parameters p e r  t ape  record. 

maximum number of primary source p a r t i c l e s  t h a t  can be generated i n  a 

s i n g l e  problem i s  l imi t ed  t o  32768, t h e  l a r g e s t  f ixed  po in t  number accept7 

a b l e  t o  t h e  IBM-7090. 

The output obtained from running a problem on SO1 

The 

2.1 Method 

The b a s i c  assumption i n  t h e  Primary Source P a r t i c l e  Code i s  t h a t  t h e  

d i s t r i b u t i o n  def in ing  t h e  source can be separated i n t o  independent d i s t r i -  

butions which de f ine  the s p a t i a l ,  d i r e c t i o n  and energy parameters. Each 

p r o b a b i l i t y  d i s t r i b u t i o n  t a b l e  used i n  SO1 c o n s i s t s  of a set of va lues  of 

t he  p r o b a b i l i t i e s  and t h e i r  corresponding random v a r i a b l e s .  I f  f ( x )  i s  

t h e  dens i ty  func t ion  f o r  x, then 

P i  ii f (x)dx = 
X i- 1 

represen t s  t h e  p r o b a b i l i t y  t h a t  x l i e s  between x and x Random values  

of x 

i- 1 i' 

can be chosen from t h e  cumulative p r o b a b i l i t y  d i s t r i b u t i o n  defined i 

by determining t h e  smallest va lue  of i f o r  which 

where R1 (and R2 i n  t h e  expression below) i s  a number s e l e c t e d  a t  random 

from a uniform d i s t r i b u t i o n  between zero and one. A random x is  then 
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computed as 

x = x  + i- 1 

The number of 

SO1 depends on t h e  

R2(Xi - xi-l) 

d i s t r i b u t i o n  t red  f o r  input  i n  

opt ions  used i n  s e l e c t i n g  t h e  source parameters. 

2.1.1 Spat ia l  Coordinate Se lec t ion  

The genera t ion  of a l l  source p a r t i c l e  coord ina tes  i s  based on t h e  

assumption t h a t  t h e  cen te r  of t h e  source reg ion  l ies a t  t h e  o r i g i n  of 

t he  coord ina te  axes.  

system t o  t h e  one used i n  descr ib ing  a problem f o r  t he  h i s t o r y  genera t ion  

code, H01, i s  accomplished by use of t he  t ransformation parameters Xo, 

Y 

T rans l a t ion  of t h e  o r i g i n  of t h e  source coord ina te  

and Zo, which are p a r t  of t h e  input  da t a  f o r  H01. 
0 

I n  SO1 t h e  c o n t r o l  number I C  i s  input  t o  spec i fy  t h e  method of 

s e l e c t i n g  t h e  p a r t i c l e  s p a t i a l  coord ina tes .  

below. 

These methods are described 

I C  = 0 Poin t  Source. The source is  loca ted  a t  t h e  o r i g i n  of 
t h e  coord ina te  system. 

I C  = 1 Rectangular Volume Source. It i s  assumed t h a t  t h e  source 
d e n s i t y  is  known and t h a t  t he  source can be d iv ided  i n t o  
many smaller rec tangular  subvolumes, s o  t h a t  p i  repre- 
s e n t s  t h e  f r a c t i o n  of t h e  t o t a l  source dens i ty  t o  be . 

i,min assigned t o  t h e  i t h  subvolume wi th  s i d e s  def ined  by X 

Y i,min' i,max' * Y  'i,max' i,min' i,max' 
The subvolume i n  which t h e  par t ic le  is t o  be s t a r t e d  i s  
chosen by computing t h e  smallest va lue  of i f o r  which 

and Z Z 

f pj - R1 2 0. 
j -1 

The coord ina tes  of t h e  source po in t  are then given by 

= ' i , m i n  + '2('i,max - x  i ,min 1, 

= 'i,rnin + R4(zi,unax - Zi ,min)*  

1, and Y =  'i,rnin + R3(Yi,max - 'i,rnin 
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The use of this option req 
the distribution of p and 
fine each of th 

IC = 2 

-The spherical shell tide is to 
b is th e 
0 ich 

i 
1 pj - R1 2 0. 
j =1 

The coordinates of the source point are then deter- 
mined by choosing a radius 

r = r i- 1 + R2(ri - ri-l) 

and then computing 

X =  (28:- 1) r, 

Y =  r, and 

z = (2R, - ')r, 

2 2 2 where a = (2R3 - 1) + (2R4 - 1) + (2R5 - 1)2 5 1, 

A table giving th& distribution of p as a function of 
r is required as program input. 

IC = 3 Cylindrical Volume Source. It is assumed that the 

and a radial 
n. Tables giv 
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Values f o r  r and Z are then computed by use of t h e  
equations 

The source p o i n t  coord ina tes  f o r  X and Y are de ter -  
mined from t h e  equations 

2 where b2 = (2R5 - 1)  + (2R6 - 1 ) 2  1. 1. 

I C  = 4 Z-Plane Rectangular Surface Source. The source is  on 
t h e  su r face  of a p lane  normal t o  t h e  Z a x i s .  The 
t o t a l  area of t h e  XY p lane  i s  divided i n t o  subareas 
with t h e  s i d e s  of each subarea defined by Xi,min, 

Y and t h e  source dens i ty  xi , max 9 and 'i,min$ 
given as pi. The Z coord ina te  of each source p a r t i -  
c l e  is taken t o  be  zero. 

i,max 

The subarea containing t h e  source po in t  i s  determined 
by computing t h e  smallest i f o r  which 

i 1 pj - R1 1 0. 
j =1 

The X and Y coord ina tes  of t h e  source poin t  are then 
computed from t h e  equations 

- x  i,min + R2(Xi,max i,min x = x  

and 

1- = 'i,min + R3(Yi,max - 'i,min 

Tables g iv ing  the  d i s t r i b u t i o n  of p and t h e  maximum and 
minimum X and Y coordinate f o r  each of t h e  subareas are 
requi red  as program input .  

. The source is on 
t h e  su r face  of a p lane  normal t o  the X ax i s .  
method used i n  choosing t h e  Y and Z coordinates f o r  
each source p a r t i c l e  is t h e  same as t h a t  used t o  

The 
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choose t h e  X and Y coord ina tes  when I C  = 4 ,  Tables 
g iv ing  t h e  d i s t r i b u t i o n s  of p and t h e  m a x i m u m  and 
minimum Y and Z coord ina tes  f o r  each of t h e  subareas 
are requi red  as program input .  

Y-Plane Rectangular Surface Source. 
t h e  su r face  of a p lane  normal t o  t h e  Y a x i s .  
method used i n  choosing t h e  X and Z ,coord ina te s  f o r  
each source po in t  i s  t h e  same as t h a t  used t o  choose 
coord ina tes  when I C  = 4 o r  5. 
t r i b u t i o n  of p and t h e  maximum and minimum X and Z f o r  
each subarea are requi red  as program illput. 

I C  = 7 Z-Plane Disk ,Surface Source. The source approximates 

I C  = 6 The source is on 
The 

Tables giving t h e  d i s -  

a d i s k  s u r f a c e  loca ted  i n  a plane normal t o  t h e  Z 
a x i s .  It i s  assumed t h a t  t h e  source can be defined 
i n  terms of thecprobab i l i t y  pi t h a t  a par t ic le  w i l l  be 
born i n  t h e  area loca ted  between r i  and ri-1. 
area from which t h e  p a r t i c l e  i s  t o  be s t a r t e d  i s  de ter -  
mined by computing t h e  smallest i f o r  which 

The 

The X and Y coord ina tes  of a source particle are com- 
puted by use of t h e  equations 

and 

where r = r + R2(ri - ri-l) and i- 1 

A t a b l e  g iv ing  t h e  d i s t r i b u t i o n  of p as a func t ion  of 
r i s  requi red  as program input .  

I C  = 8 Spher ica l  Surface Source. The source approximates a 
s p h e r i c a l  su r f ace  i n  which a l l  t h e  source p a r t i c l e s  
are leaving t h e  su r face  of t h e  sphere i n  d i r e c t i o n s  
defined by t h e  angular d i s t r i b u t i o n  of a p o i n t  source 
loca ted  at  t h e  cen te r  of t h e  sphere. The po in t  source 

t h e  leakage can be expressed i n  terms of only the  
po la r  angle  9 about t h e  p o s i t i v e  Z a x i s .  

' d e s c r i p t i o n  assumes t h a t  t h e  angular d i s t r i b u t i o n  of 
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The quan t i ty  p i  i s  defined as t h e  f r a c t i o n  of t h e  
t o t a l  leakage from t h e  s p h e r i c a l  su r f ace  t h a t  l eaks  
ou t  between 81  and 81-1. 
through which t h e  particle is leaving  t h e  s u r f a c e  is  
determined by computing t h e  smallest i f o r  which 

The po la r  angle  i n t e r v a l  

i 

The po la r  angle  8 is then determined from 

The s p a t i a l  coordinates from which t h e  source p a r t i -  
cle leaves t h e  su r face  are given by 

Z = r cos8 , 
X = ( r  2 - Z 2 3  ) cos$, and 

2 2 7  a 
Y = ( r  - Z ) s in$ ,  

where r i s  t h e  r ad ius  of t h e  sphere, 4 is t h e  azimuthal 
angle  assumed t o  be uniformly d i s t r i b u t e d ,  and 

2 where (2R - 1) + (2R4 - 1 ) 2  L 1, 3 

The d i r e c t i o n  cosines of t h e  source par t ic le  are given 
by 

01 = sin8cos0, 

(3 = s in8s in4 ,  and 

Tables g iv ing  t h e  d i s t r i b u t i o n  of p as a func t ion  of 
8 and r are requi red  as program input .  

I C  = 9 Cy l ind r i ca l  Surface Source. The source approximates 
a c y l i n d r i c a l  su r f ace  from which t h e  angular d i s t r i -  
bu t ion  of t h e  leakage i s  defined i n  terms of a p o i n t  
source dependent only on t h e  p o l a r  angle  8. 
angular  i n t e r v a l  through which t h e  p a r t i c l e  leaves t h e  

The 
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source  i s  determined by computing t h e  smallest va lue  
of i f o r  which 

1 P j  - R 1  L 0. 
j= l  

The po la r  angle  8 is  then computed from 

The q u a n t i t i e s  0 and e ax are defined as t h e  mini- 
mum and maximum $&Tar angTes through which t h e  source 
p a r t i c l e s  can l eak  ou t  of t h e  s i d e s  of t h e  cy l inder .  
The po in t s  Z and 2 are defined as t h e  Z coord ina tes  
of t h e  p lanes  bounding t h e  ends of t h e  cy l inder .  I f  
e2e then Z = Z1. I f  8semin, then Z = 
ernin&ernS, Z i s  given by Z = r c o t  0, where r i s  t h e  
r ad ius  of t h e  cy l inder .  The X and Y coord ina tes  of 
t h e  source po in t  are computed from t h e  equations 

1 2 
I f  z2 m a  ’ 

X = ZtanBcos$ and 

Y = Ztanesin$, 

where s in$,  cos$, and t h e  d i r e c t i o n  cos ines  a, B, and 
y are defined as i n  I C  = 8. 

Tables giving the  d i s t r i b u t i o n  of p as a func t ion  of 
0, along wi th  t h e  q u a n t i t i e s  emin, ernax, Z1, Z2 and r, 
are requi red  as input  t o  t h e  program. 

It should be noted when I C  = 8 o r  9 t h a t  t h e  d i s t r i b u -  
t i o n  f o r  t h e  i n i t i a l  d i r e c t i o n s  of motion a l s o  de f ine  
t h e  i n i t i a l  s p a t i a l  l o c a t i o n s  of t h e  p a r t i c l e s .  

2 , 1 , 2  Di rec t ion  Cosines 

A con t ro l  word, I D ,  i s  used as input  t o  spec i fy  t h e  method of 

s e l e c t i n g  t h e  par t ic le  d i r e c t i o n  cosines.  The var ious  methods are 

described below: 

I D  = 0 * The d i r e c t i o n  cos ines  are defined i n  t h e  method used 
t o  genera te  spa t i a l  coordinates when I C  = 8 o r  9. 

I D  = 1 Constant P a r t i c l e  Direction. A l l  particles l eave  t h e  
source wi th  d i r e c t i o n  cosines a, B, and y as s p e c i f i e d  
i n  t h e  program input.  
qu i red  as program input .  

N o  p r o b a b i l i t y  t a b l e s  are re- 

I D  = 2 I s o t r o p i c  Source. N o  p r o b a b i l i t y  d i s t r i b u t i o n  t a b l e s  
are required.  The d i r e c t i o n  cosines are determined 
by use of a r e j e c t i o n  technique i l l u s t r a t e d  i n  Figure 
1 and may assume randoin va lues  between +1 and -1. 
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Figure 1. Selection of Random Direction Cosine in the Laboratory System 
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I D  = 3 Anisotropic  Source (6-dependent). This op t ion  provides 
a method of choosing random d i r e c t i o n  cos ines  where 
t h e  cosine of t h e  po la r  angle  6 i s  defined by a proba- 
b i l i t y  t a b l e  and where t h e  azimuthal angle  (p i s  assumed 
t o  be uniformly d i s t r i b u t e d  between 0 and 2a. 

I f  hi r ep resen t s  t h e  p r o b a b i l i t y  t h a t  t h e  cos ine  of t h e  
po la r  angle  l i es  between y i  and Y i - 1 ,  then  t h e  i can be 
computed by determining t h e  smallest va lue  of i f o r  
which 

i 
1 h j  - R1 2 0. 

j =1 

The d i r e c t i o n  cos ine  y is then given by 

The d i r e c t i o n  cosines a a n d , @  are determined by f i r s t  
genera t ing  two random numbers, R and R4¶ f o r  which 3 

2 2 2 b = (2R3 - 1)  + (2R4 - 1)  <, 1, 

and then eva lua t ing  equations 

and 

Tables g iv ing  t h e  d i s t r i b u t i o n  of h as a func t ion  of 
t h e  d i r e c t i o n  cos ine  y and t h e  upper l i m i t s  of t he  i t h  
cos ine  i n t e r v a l s  y 1  are requi red  as program input .  

I D  = 4 Anisotropic  Source (6- and $-dependent). It i s  
aesumed t h a t  t h e  angular  d i s t r i b u t i o n  can be divided 
i n t o  a d i s t r i b u t i o n  f o r  t h e  cosine of t h e  po la r  angle  
6 and a d i s t r i b u t i o n  f o r  t h e  azimuthal angle  (p as a 
func t ion  of t h e  angle  6. 
as t h e  p r o b a b i l i t y  t h a t  6 l ies i n  t h e  i n t e r v a l  (6i-1 - 6 i ) ,  
The d i s t r i b u t i o n  qi, j  i s  defined as t h e  p r o b a b i l i t y  
t h a t  source p a r t l c l e s  leaving t h e  i t h  i n t e r v a l  of 6 
w i l l  have d i r e c t i o n s  defined by an angle  (p t h a t  l i e s  
i n  t h e  j t h  i n t e r v a l  of t h e  azimuthal angle  0. 

The v a r i a b l e  h i  is defined 

The po la r  ang le  i n t e r v a l  is determined by computing 
t h e  smallest va lue  of i f o r  which 

i 
1 hg - R1 2 0. 

R = l  
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and then computing t h e  smallest va lue  of j f o r  which 

I D  = 5 

I D  = 6 

I D  = 7 

I D  = 8 

I D  = 9 

where i is t h e  i n t e r v a l  of 

The d i r e c t i o n  cos ine  y and 
by use of t h e  equat ions 

8 s e l e c t e d  above. 

t h e  angle  Q are then computed 

and 

The d i r e c t i o n  cosines  a and 13 are then given by 
1 

c1 = cos$(l-y 2-7. ) 

13 = sinQ(1-y 2 ?  ) a 

a and 

Tables g iv ing  t h e  d i s t r i b u t i o n s  of h and q as a func t ion  
of t he  d i r e c t i o n  cosine y and t h e  azimuthal angle  Q are 
requi red  as program inpu t ,  

I s o t r o p i c  Source - P o s i t i v e  X Direct ion.  The d i r e c t i o n  
cosines  are chosen i n  the  same manner as t h a t  descr ibed 
f o r  opt ion I D  = 2 wi th  t h e  d i r e c t i o n  cos ine  a always 
being taken as pos i t i ve .  No p r o b a b i l i t y  t a b l e s  are re- 
quired f o r  t h i s  option. 

I s o t r o p i c  Source - Negative X Di rec t ion .  The d i r e c t i o n  
cosines  are chosen i n  t h e  same manner as t h a t  descr ibed 
f o r  op t ion  I D  = 2, wi th  the  except ion t h a t  t he  d i r e c t i o n  
cos ine  a i s  always taken as negat ive.  No p r o b a b i l i t y '  
t a b l e s  are required f o r  t h i s  opt ion.  

I s o t r o p i c  Source - P o s i t i v e  Y Direct ion.  The method 
used t o  choose t h e  d i r e c t i o n  cos ines  i s  t h e  same as t h a t  
descr ibed f o r  opt ion I D  = 2, with the  except ion t h a t  t he  
d i r e c t i o n  cos ine  13 i s  always taken as pos i t i ve .  No 
p r o b a b i l i t y  inpu t  t a b l e s  are requi red  f o r  t h i s  opt ion.  

I s o t r o p i c  Source - Negative Y Direct ion.  The method 
used t o  choose the  d i r e c t i o n  cos ines  i s  the  same as t h a t  
descr ibed f o r  opt ion I D  = 2, wi th  t h e  except ion t h a t  t h e  
d i r e c t i o n  cos ine  B i s  always taken as negat ive,  No 
p r o b a b i l i t y  i n p u t  t a b l e s  are requi red  f o r  t h i s  opt ion.  

I s o t r o p i c  Source - P o s i t i v e  Z Direc t ion .  The method 
used t o  choose d i r e c t i o n  cosines  i s  t h e  same as t h a t  
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descr ibed f o r  op t ion  I D  = 2, with t h e  exception t h a t  
t h e  d i r e c t i o n  cos ine  y is  always taken as pos i t i ve .  
N o  p r o b a b i l i t y  inpu t  t a b l e s  are requi red  f o r  t h i s  option. 

I D  = 10 I s o t r o p i c  Source - Negative Z Direc t ion .  The method used 
t o  choose t h e  d i r e c t i o n  cos ines  i s  t h e  same as t h a t  des- 
c r ibed  f o r  op t ion  I D  = 2, wi th  t h e  except ion t h a t  t h e  
d i r e c t i o n  cos ine  y i s  always taken as negative.  No proba- 
b i l i t y  i npu t  tabLes are requi red  f o r  t h i s  option. 

2.1.3 Energy Se lec t ion  

A c o n t r o l  word,. I E ,  is  used t o  determine t h e  method of s e l e c t i n g  t h e  

i n i t i a l  energy of each source p a r t i c l e .  The var ious  methods are described 

below. 

I E  = 1 Constant Energy. This optipn.provides a method of start- 
ing a l l  source p a r t i c l e s  with t h e  same i n i t i a l  energy. 
When t h i s  op t ion  i s  used, t h e  i n i t i a l  energy E i s  en tered  
as inpu t  i n  t h e  program. 

I E  = 2 Variable Energy. 
ing source energ ies  from a continuous energy spectrum. 
The p r o b a b i l i t y  t h a t  a source particle w i l l  be emitted i n  
the  i t h  energy i n t e r v a l  is denoted by p i .  A random value 
of i is determined by computing t h e  smallest value of i 
f o r  which 

This op t ion  p r w i d e s  a method of select- 

The i n i t i a l  energy assigned t h e  p a r t i c l e  is  computed from 
t h e  equat ion  

where Ei is the: upper bound of t h e  i t h  energy i n t e r v a l .  
A t a b l e  g iv ing  t h e  d i s t r i b u t i o n  of p as a func t ion  of 
t h e  energy E is  required as program input.  

The energy values,  Ei, should normally be input  i n  Mev u n i t s .  
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2.2 SO1 U t i l i z a t i o n  I n s t r u c t i o n s  

The purpose of t h e  SO1 code is t o  produce a t ape  containing source 

p a r t i c l e  d a t a  f o r  u se  as inpu t  i n t o  t h e  History-Generator Code. There are 

n ine  parameters def ined  f o r  each source p a r t i c l e :  t h e  s p a t i a l  coordinates ,  

t h e  d i r e c t i o n  cosines ,  t h e  energy, t h e  weight, and region i n  which t h e  

source p a r t i c l e  o r i g i n a t e s .  

each of 14  p a r t i c l e s  t o  form one d a t a  record. The f i r s t  record w r i t t e n  

on tape  w i l l  be an  i d e n t i f i c a t i o n  record giving t h e  number of  h i s t o r i e s ,  

t h e  t ape  i d e n t i f i c a t i o n  number, and t h e  type of source p a r t i c l e s .  

remaining records w i l l  be d a t a  records,  each containing information f o r  

1 4  source p a r t i c l e s  except f o r  t he  last  record,  which may conta in  informa- 

t i o n  f o r  f e w e r  than 1 4  p a r t i c l e s .  

These n ine  parameters are w r i t t e n  on t ape  f o r  

The 

2.2.1 Tape Usage 

The SO1 code u t i l i z e s  one a d d i t i o n a l  t a p e  u n i t  bes ides  t h e  r egu la r  

input  and output  t ape  u n i t s ,  l o g i c a l  t apes  5 and 6 .  The source p a r t i c l e  

parameters are w r i t t e n  on l o g i c a l  t ape  3 .  

s t r u c t e d  t o  load a f u l l  blank reel on t h e  u n i t  corresponding t o  l o g i c a l  

t ape  3 before  s t a r t i n g  an SO1 problem. A t  t h e  completion of t h e  problem, 

t h e  opera tor  should remove and l a b e l  any t ape  remaining on t h a t  un i t .  

These tapes  are usua l ly  labe led  as SOURCE XXXX, where XXXX i s  t h e  number 

input  , f o r  t h e  v a r i a b l e  ITAPE. 

The opera tor  should be in- 

2.2.2 Card Input  

The inpu t  d a t a  necessary f o r  t h e  running of  an  SO1 problem are input  

on both problem and l i b r a r y  decks. The cards  making up t h e  problem in-  

pu t  and t h e  l i b r a r y  da t a  f o r  t h e  SO1 and a l l  t h e  rou t ines  i n  t h e  COHORT 

family must be sequenced i n  columns 69 through 72. The f irst  card i n  
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each problem input  o r  l i b r a r y  d a t a  deck must have a 0001 i n  these  columns 

and each succeeding card must conta in  t h e  numbers i n  increas ing  sequence. 

I n  addi t ion ,  t h e  numbers i n  columns 67 and 68 of all cards  i n  a deck must 

be 00 f o r  a problem deck o r  t h e  l i b r a r y  number f o r  a l i b r a r y  deck. In- 

s t r u c t i o n s  are included i n  t h e  COHORT rou t ines  t o  v e r i f y  the  sequence of 

cards  as they are read i n  and t o  check t o  determine whether a l l  cards  i n  

a deck have t h e  l i b r a r y  number o r  00 f o r  problem d a t a  decks i n  columns 67 

and 68. I f  t h e  program d e t e c t s  a card ou t  of sequence o r  an i n c o r r e c t  

number i n  columns 67 and 68, an e r r o r  statement w i l l  be p r i n t e d  and t h e  

problem w i l l  be terminated. 

2 ,2 ,2 ,1  Problem Deck: SO1 Code 

Each problem run on t h e  Primary-Source-Generator Code w i l l  r equ i r e  

The deck w i l l  follow immediately a f t e r  t h e  b inary  a problem d a t a  deck. 

deck. The problem deck is made up of e i t h e r  2 o r  3 cards,  depending 

on t h e  value inpu t  f o r  t h e  parameter I C .  Table I p resen t s  t h e  d a t a  re- 

qui red  on each problem card and t h e  format t o  be used f o r  each input  i t e m .  
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TABLE I 

SO1 Problem Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  Def in i t i on  L i m i t  

1 6110 N Number of source p a r t i c l e s  t o  be 132,768 
generated 

NG Type of p a r t i c l e  

NG = 0, neutron 
NG = 1, gamma ray  

I C  Source coordinate  opt ion  

I C  = 0, po in t  source 
I C  = 1, rec tangular  volume source 
I C  = 2, s p h e r i c a l  volume source 
I C  = 3, c y l i n d r i c a l  volume source 
I C  = 4 ,  rec tangular  area source 

( z  = 0 plane)  
I C  = 5, rec tangular  area source 

(x = 0 plane)  
I C  = 6 ,  rec tangular  area source 

(y = 0 plane)  
I C  = 7, c i r c u l a r  area source 

(z  = 0 plane)  
I C  = 8 ,  s p h e r i c a l  su r f ace  source (angu- 

lar  d i s t r i b u t i o n  outward r a d i a l l y )  
I C  = 9, c y l i n d r i c a l  su r f ace  source (angu- 

lar d i s t r i b u t i o n  outward r a d i a l l y )  

I D  Di rec t ion  cos ine  op t ion  

I D  = 0, d i r e c t i o n  cos ine  def ined as i n  

I D  = 1, monodirectional source 
I D  = 2, i s o t r o p i c  source 
I D  = 3, a n i s o t r o p i c  source ( input  po la r  

angle  9 d i s t r i b u t i o n ,  azimuthal 
angle  evenly d i s t r i b u t e d  between 
0 and 27) 

po la r  and azimuthal  angular  d i s -  
t r i b u t i o n s )  

x d i rec t ion )  

x d i r e c t i o n )  

I C  op t ions  8 o r  9 

I D  = 4,  an i so t rop ic  source ( input  both 

I D  = 5, i s o t r o p i c  i n  2~ space (pos i t i ve  

I D  = 6 ,  i s o t r o p i c  i n  2~ space (negat ive 
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TABLE I (continued) 

Input 
Card Format I t e m  Def in i t i on  L i m i t  

2 

I D  = 7,  i s o t r o p i c  i n  2a space ( p o s i t i v e  
y d i r e c t i o n )  

I D  = 8, i s o t r o p i c  i n  2a space (negative 
y d i r e c t i o n )  

I D  = 9, i s o t r o p i c  i n  28  space ( p o s i t i v e  
z d i r e c t i o n )  

I D  = 10, i s o t r o p i c  i n  28 space (negative 
z d i r e c t i o n )  

I E  I E  = 1, monoenergetic source energy 
I E  = 2, input  energy spectrum 

Tape i d e n t i f i c a t i o n  number f o r  output 
source t a p e  

ITAPE 

2F10.2, R 1  Input random number 
4E10.4, 
I1 R2 Second input  random number 

3 2E10 4 

E Energy of monoenergetic source i f  I E  = 1 
(leave blank i f  I E  = 2) 

R Radius of d i sk ,  sphere, o r  cy l inde r  when 
I C  = 2,  3,  7,  8 o r  9 ( leave  blank i f  
I C  = 0, 1, 4, 5 o r  6) 

23 Lower z plane f o r  end of c y l i n d r i c a l  source 
when I C  = 3 o r  9, otherwise l eave  blank, 

24 Upper z plane f o r  end of c y l i n d r i c a l  
source when I C  = 3 o r  9;  otherwise leave  
blank e 

LIST Intermediate p r i n t  op t ion  

LIST = 0, do no t  p r i n t  in te rmedia te  p r i n t  
LIST = 1, do p r i n t  in te rmedia te  p r i n t  

(Enter va lue  f o r  l i s t  i n  column 61 of 
second problem card) 

(Omit card containing i t e m s  16 and 1 7  i f  
I C  # 9) 

THETA1 Minimum angle ( radians)  t o  corner of 
c y l i n d r i c a l  source when I C  = 9 

THETA2 Maximum angle  ( radians)  t o  corner of 
c y l i n d r i c a l  source when I C  = 9 
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2.2.2.2 Library One: SO1 Code 

Library One should be omit ted unless  I C  = 1, 4, 5 o r  6. Data i n  

Library One g ive  information f o r  d iv id ing  a rec tangular  volume o r  area 

source i n t o  subregions and t h e  f r a c t i o n  of source p a r t i c l e s  t h a t  is  t o  

be generated i n  each subregion. The rec tangular  volume source degenerates 

i n t o  an area source when both the  upper and lower x, y o r  z planes  f o r  

a l l  subregions are set equal  t o  t h e  same constant .  The format t o  be 

used i n  making up a Library One input  deck is  shown i n  Table 11. 

TABLE I1 

SO1 Library  One Data Formats 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  Def in i t i on  L i m i t  

1 I10 I Number of subregions i n t o  which t h e  2999 
source region i s  divided 

M = l , I  2 6E10.4 P(M) Frac t ion  of source p a r t i c l e s  t o  be  
generated i n  subregion M 

Follows 6E10.4 
las t  

card 
p (MI 

I f  I C  = 5, leave blank f i e l d s  f o r  Xl(M) 

I f  I C  = 6, leave blank f i e l d s  f o r  Yl(M) 
and X2(M) 

and Y2 (M) 

x1 (MI Lower x plane f o r  subregion M 

x2 (MI Upper x plane f o r  subregion M 

y 1  (MI 

y2 (MI 

Lower y plane f o r  subregion M 

Upper y plane f o r  subregion M 

z1  (MI Lower z plane f o r  subregion M 

22 (MI Upper z plane f o r  subregion M M = l ,  I 

I t e m s  X l ( M ) ,  X2(M), Y l ( M ) ,  Y2(M), Zl(M) 
and Z2(M) desc r ibe  one subregion so 
the re  should be one card containing 
these  i t e m s  f o r  each subregion. 
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2.2.2.3 Library Two: SO1 Code 

Library Two should be  omitted unless  I C  = 2 o r  7. Data i n  Library 

Two gives  t h e  r a d i a l  d i s t r i b u t i o n  f o r  e i t h e r  a s p h e r i c a l  volume source  

o r  a c i r c u l a r  d i s k  source.  

I C  = 2, s p h e r i c a l  volume source 

I C  = 7, c i r c u l a r  d i s k  source 

The d i s t r i b u t i o n  is  assumed t o  be  uniform wi th  r ad ius  r a t h e r  than  

with area o r  volume wi th in  any given subregion. 

X l ( M ) ,  used i n  def in ing  t h e  r a d i a l  d i s t r i b u t i o n  should be  t h e  end p o i n t s  

of s t r a i g h t  l i n e  segments f i t t i n g  t h e  d i s t r i b u t i o n  p l o t t e d  as a funct ion 

of radius .  The format t o  be  used i n  making up a Library Two deck is 

shown i n  Table 111. 

Therefore,  t h e  po in t s ,  

TABLE I11 

SO1 Library Two Data Formats 

( f o r  Columns 1 through 62) 

Input 
L i m i t  Card Format I t e m  Def in i t ion  

1 I10 I Number of r a d i a l  subregions i n t o  which ~ 9 9 9  
t h e  source w i l l  be divided 

2 6E10.4 P(M) Frac t ion  of source p a r t i c l e s  t o  be M = l ,  I '  
generated i n  subregion 

Follows 6E10 e 4 X1 (M) Radi i  bounding t h e  subregions M = l ,  I+1 
last 
p (MI F i r s t  boundary i s  smaller r ad ius  f o r  
card  first subregion and must be  0 i f  

source d i s t r i b u t i o n  is  non zero a t  
t h e  o r i g i n  

2.2.2.4 Library Three: SO1 Code 

Library Three should be  omitted unless  I C  = 3. This l i b r a r y  des- 

c r i b e s  t h e  d i s t r i b u t i o n  of source p a r t i c l e s  i n  a c y l i n d r i c a l  volume. It 

i s  assumed t h a t  t h e  r a d i a l  and axial d i s t r i b u t i o n  of t h e  source p a r t i c l e ' s  
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p o s i t i o n  are independent. 

Three deck is shown i n  Table I V .  

The format t o  be used i n  making up a Library 

TABLE I V  

SO1 Library Three Data Formats 

( f o r  Columns 1 through 6 2 )  

Input  
Card Format I t e m  Def in i t i on  L i m i t  

1 2110 

2 6E10.4 

Follows 6E10.4 
last 
P(M) card 

Follows 6E10.4 
las t  
Z l ( M )  ca rd  

Follows 6E10.4 
l as t  
Q(M) ca rd  

Number of d i s k  s e c t i o n s  i n t o  which t h e  
c y l i n d r i c a l  source is cu t  by Z planes 

Number of c y l i n d r i c a l  s ec t ions  i n t o  
which each d i s k  s e c t i o n  is  divided by 
c y l i n d r i c a l  boundaries ( t h e  product 
I*J i s  t h e  t o t a l  number of  subregions 
i n t o  which the  Cy l ind r i ca l  source i s  
divided)  

Frac t ion  of source p a r t i c l e s  t o  be 
generated between two consecutive Z 
planes 

Z planes d iv id ing  t h e  c y l i n d r i c a l  
source 

Frac t ion  of source p a r t i c l e s  t o  be 
generated between two consecut ive 
c y l i n d r i c a l  boundaries (Radial  and 
a x i a l  d i s t r i b u t i o n s  assumed t o  be 
independent ) 

Radii  descr ib ing  c y l i n d r i c a l  boundar- 
ies ( F i r s t  rad ius  equals  0 )  

9 9 9  

s999 

M = l ,  I 

M = l ,  Ii-1 

M = l , J  

M = l ;  J+l 

2.2.2.5 Library Four: SO1 Code 

Library Four, which i s  omitted unless  I C  = 8, descr ibes  a source 

d i s t r i b u t e d  over t h e  su r face  of a sphere.  

t h i s  source w i l l  be  dependent upon t h e  d i s t r i b u t i o n  of t h e  source po in t s  

over t h e  su r face  of t h e  sphere,  s ince  t h e  d i r e c t i o n  of a given p a r t i c l e  

The angular  d i s t r i b u t i o n  f o r  
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w i l l  be assumed r a d i a l l y  outward from t h e  cen te r  of t h e  sphere through t h e  

po in t  on t h e  sphere g iv ing  t h e  source loca t ion .  

making up a Library Four deck is  presented i n  Table V. 

The format t o  be used i n  

TABLE V 

SO1 Library Four Data Format 

( fo r  Columns 1 through 62) 

Input 
Card Format I t e m  Def in i t i on  L i m i t  

1 I10 I The number of subdiv is ion  on t h e  5999 
spherical. su r f ace  (formed by t h e  i n t e r -  
s e c t i o n  of sphere and cones symmetrical 
about z a x i s )  

2 6E10.4 P(M) The f r a c t i o n  of source p a r t i c l e s  leak- M = l , I  
ing through t h e  su r face  of t h e  sphere 
through t h e  Mth subdiv is ion  

Follows 6E10.4 Z 1  (M) The ha l f  angles of t h e  cones (degrees) M = l , I + l  
last  whose i n t e r s e c t i o n  wi th  t h e  sphere 
P(M) card descr ibe  t h e  subdiv is ion  

~ ~~~ ~~ 

2.2.2.6 Library  Five: SO1 Code 

Library Five, which i s  omitted unless  I C  = 9, desc r ibes  a source 

d i s t r i b u t e d  over t h e  su r face  of a cy l inde r ,  

t h i s  source w i l l  be  dependent upon t h e  d i s t r i b u t i o n  of t h e  source p o i n t s  

over t h e  su r face  of t h e  cy l inde r ,  s ince  t h e  d i r e c t i o n  f o r  a given p a r t i c l e  

The angular d i s t r i b u t i o n  f o r  

w i l l  be assumed r a d i a l l y  outward from the  cen te r  of t h e  cy l inde r  through 

t h e  po in t  on t h e  su r face  of t h e  cy l inde r  g iv ing  t h e  source loca t ion .  

format f o r  making up a Library  Five deck is  presented i n  Table V I .  

The 
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TABLE V I  

1 

1 I10 I The number of s999 
c y l i n d r i c a l  su r f ace  source (d iv i s ions  
are made by the  i n t e r s e c t i o n s  of t h e  
c y l i n d r i c a l  su r f ace  and cones wi th  
v e r t i c e s  a t  t h e  o r i g i n  and symmetrical 
about t h e  z axis) 

2 6E10.4 P(M) The f r a c t i o n  of source p a r t i c l e s  leak- M = l , I  
ing through t h e  c y l i n d r i c a l  su r f ace  
through t h e  Mth subdiv is ion  

Follows 6E10.4 X 1  (M) The ha l f  angles  ( radians)  of t h e  cones M = l , I + l  
last  
P(M) card cal  su r face  form the  subdiv is ions  

whose i n t e r s e c t i o n  with t h e  cy l ind r i -  

2.2.2.7 Library Six: SO1 Code 

Library  Six,  which i s  omitted uness I D  = 1, gives  t h e  d i r e c t i o n a l  

cosines f o r  a monodirecticmal source. 

i n  making up a Library S ix  deck is  given i n  Table V I I .  

A l i s t i n g  of t he  format t o  be used 

TABLE V I 1  

SO1 Library S ix  Data Format 

( f o r  Columns 1 through 62) 

Input 
Card Format I t e m  Def in i t i on  L i m i t  . 

1* 

2 3E10.4 ALPHA Cosine of angle  between source d i rec-  
t i o n  and p o s i t i v e  x a x i s  

Cosine of angle  between source d i rec-  
t i o n  and p o s i t i v e  y a x i s  

BETA 

GAMMA i n e  of angle between source d i rec-  
n and p o s i t i v e  z a x i s  

* The f i r s t  card of l i b r a r y  s i x  is blank except f o r  t h e  numbers i n  t h e  
i d e n t i f i c a t i o n  f i e l d .  
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2.2.2.8 

Library Seven, whi 

t r i b u t i o n  of 

t r i b u t i o n  and a un i fo  

Library Seven should be prepared according t o  t h e  format given i n  Table V I I I .  

TABLE V I 1 1  

L ibrary  Seven Data Format 

(for Columns 1 through 62) 

Input 
Card Format I t e m  Def in i t i on  L i m i t  

1 I10 I Number of po la r  angle  i n t e r v a l s  used 549 
t o  desc r ibe  a n i s o t r o p i c  source 

2 6E10,4 CP(M) Frac t ion  of source p a r t i c l e  t o  be M=1,  I 
emitted through Mth p o l a r  angle  i n t e r v a l  

Follows 6E10.4 GAM(M) Cosines of angles bounding t h e  po la r  M = l , J + l  
l a s t  angle  i n t e r v a l s  (polar  angle  s e l e c t e d  
cp (M) 
card 

from t h i s  d i s t r i b u t i o n  w i l l  be measured 
from t h e  p o s i t i v e  z a x i s )  

2.2.2.9 Library Eight: SO1 Code: 

Library Eight, which is  omitted unless  I D  = 4, g ives  t h e  po la r  and 

t h e  azimuthal angular d i s t r i b u t i o n  f o r  an a n i s o t r o p i c  source t h a t  has  both 

a r b i t r a r y  po la r  and azimuthal angular d i s t r i b u t i o n s .  It i s  assumed t h a t  

t h e  po la r  and, azimuthal angle  d i s t r i b u t i o n s  are 

be  used i n  making up a Library  Eight deck is given i n  Table I X .  

format t o  
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TABLE I X  

SO1 Library Eight  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  Def in i t i on  L i m i t  

1 2110 K 

L 

2 6E10.4 CP(M) 

Follows 6E10.4 GAM(M) 
las t  
CP(M) card 

Follows 6E10.4 DCP (M,N) 
last 
GAM (M) 
card 

Follows 6E10.4 PHI (M,N) 
last 
DCP (M, N)  
card 

Number of po lar  angle  i n t e r v a l s  used t o  
descr ibe  an i so t rop ic  source d i s t r i b u t i o n s  
(measured from p o s i t i v e  z axis) 

149 

Number of azimuthal angle  i n t e r v a l s  used 
t o  descr ibe  an i so t rop ic  source d i s t r ibu -  
t i o n s  (measured from p o s i t i v e  x a x i s )  

549 

P robab i l i t y  of source p a r t i c l e  being 
emit ted through t h e  Mth po la r  angle  
i n t e r v a l  

M = l , K  

Cosines of angles  bounding t h e  p o l a r  M = l , K + l  
angle  i n t e r v a l s  (descending order)  

P robab i l i t y  of a source p a r t i c l e  t h a t  is  M = l , K  
emit ted through t h e  Mth po la r  angle  in- N=l ,L  
t e r v a l  a l s o  being emit ted through t h e  Nth 
azimuthal angle  i n t e r v a l  

Azimuthal angles  ( rad ians)  bounding the  M = l , K  
Nth i n t e r v a l  i n  t h e  Mth p o l a r  angular  
i n t e r v a l  

N=l ,L+ l  

2.2.2.10 Library Nine: SO1 Code 

Library Nine, which i s  omitted unless  I E  = 2, i s  used t o  descr ibe  an  

a r b i t r a r y  energy spectrum. Table X presents  the  format t o  be used i n  

making up a Library Nine deck. 
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TABLE X 

SO1 Library Nine Data Format 

( f o r  Columns 1 through 62) 

Input 
Card Format I t e m  Def in i t i on  L i m i t  

1 I (10)  K Number of energy groups used t o  de f ine  $49 
spectrum 

2 6E10.4 ECP(M) P robab i l i t y  of source energy being i n  M=l,K 
t h e  Mth energy group 

Follows 6E10.4 EG(M) Energy bounds bounding t h e  energy in- M= 1, K-l-1 
last t e r v a l s  
ECP (M) 
card 



25 

2.3 SO1 Sample Problem 

A sample problem i s  given i n  t h i s  s ec t ion  t o  i l l u s t r a t e  t h e  input  and 

output  formats f o r  Sol.  The SO1 sample problem w a s  designed t o  descr ibe  

a c y l i n d r i c a l  volume gamma-ray source used by Lockheed i n  t h e i r  evalua- 

t i o n  of methods f o r  computing nuc lear  rocke t  r a d i a t i o n  f i e l d s  (Ref. 3 ) .  

Figures  2 and 3 show t h e  normalized r a d i a l  and axial  f i s s i o n  d i s t r i b u t i o n s  

f o r  t h e  c y l i n d r i c a l  volume co re  and Figure 4 shows the  energy d i s t r i b u -  

t i o n  of t h e  f i s s i o n  gamma rays.  

2.3.1 SO1 Sample Input  

Table X I  shows a l i s t i n g  of t h e  SO1 input  discussed above. The first 

card i n  Table X I  g ives  the  opt ion numbers t h a t  i d e n t i f y  t h e  source as a 

c y l i n d r i c a l  volume gama-ray source with i s o t r o p i c  emission of t h e  gamma 

rays.  The second card  g ives  two i n i t i a l  random numbers t o  start  t h e  

random number sequence and, i n  addi t ion ,  t h e  r a d i u s  and end planes of 

t h e  c y l i n d r i c a l  core.  

bu t ion  and cards  30005 through 30008 de f ine  t h e  r a d i a l  d i s t r i b u t i o n .  

energy d i s t r i b u t i o n  i s  def ined  with cards  90001 through 90007. 

Cards 30001 through 30004 de f ine  the axial d i s t r i -  

The 

2.3.2 SO1 Sample Output 

Table XI1 shows a l i s t i n g  of t h e  output  from t h e  sample SO1 problem. 

Source parameters w e r e  generated f o r  5040 source p a r t i c l e s .  For every 

14 p a r t i c l e s  a record containing t h e  parameters f o r  a l l  14  p a r t i c l e s  i s  

w r i t t e n  on tape.  Therefore,  360 d a t a  records are w r i t t e n  on tape  p lus  

t h e  f i r s t  record which conta ins  t h e  va lues  l i s t e d  f o r  NREC, t h e  number 

of records,  N, t h e  number of h i s t o r i e s ,  ITAF'E, t h e  tape  i d e n t i f i c a t i o n  

number, and NG, t he  p a r t i c l e  opt ion.  The last  record on tape  conta ins  

information f o r  14  source p a r t i c l e s  s ince  t h e  number of source p a r t i c l e s  

is evenly d i v i s i b l e  by 14. 
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Fig. 2. Radial Fission Distribution 
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Fig. 3. Axial Fission Distribution 
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Fig. 4. Gamma Ray Source Spectrum 



29 

(d 
U tu cn 
U 
3 

H 3 
a, 

rl 
0 
rn 

. 
H 
f f i  
al 
rl 

H 
% 

a) 
d 
Ut 

I4 
0 
0 
0 
n 
0 
n) 
4 
L n  

N 
0 
0 
0 
d-l 

m 4  
00 
00 

m m  
00 
a300 

0'0 

9 
0 
0 
0 
n 
0 
u3 
Ll 

CQ 
0 
0 
0 
(2\ 
0 
co 
rl 
In 

+ 
0 

NO NN I4 4 

4 
0 
0 
0 
m 
0 
a) 
I4 
In 

Q 
Q 
m 
C 
a2 
I4 
In 

(r? 
0 
0 
0 
(r 
0 
a3 
d 
Ln 

Q 
0 
0 
0 
m 
0 co 
r-l 
m 

9 
0 
0 
0 
m 
0 
rz, 
4 
Ln 

0 
0 
0 
i3\ 
b 
co 
4 
;n 



30 

U 
1 
a Y 
1 
0 

4 
0 
UY 

H 

a, 
r( 
VI 
0 

0 

Lu 
u 
rr? 
3 a 
v) 

0 
W 
-J 
w 

A 
z 
w 
W 

v) 
-3 
2 

LLI 
c 
rr? 
w z 
Lu 
(3 

UJ 
Q 

c- 

0 

m 
a 

m 

n 

a 

a 



31 

2.4 SO1 FORTRAN Listings 

VAIN PROGRAV FOR SOURCE ROUTINE. 
DIMENSION P ( 1 0 0 0 ) 9  Q ( 1 0 0 0 ) ?  X 1 ~ 1 0 0 0 )  9 X 2 (  1000) 9 

1 C E ( 1 4 ) r  Y 1 ( 1 0 0 0 ) 9  Y 2 ( 1 0 0 0 ) 9  21(1000)9 Z 2 ( 1 0 0 0 ) 9  
2 C P ( 5 0 )  9 D C P ( 5 0 r 5 0 ) ,  ECPI5O)s  GAM(51)w 
3 EG(51)  9 P H I I 5 0 9 5 1 ) 9  C X ( 1 4 ) r  CY I 1 4 1  9 NOREG( 14)  9 

4 C Z ( 1 4 )  9 C A ( 1 4 ) r  C B ( 1 4 ) s  C C ( 1 4 ) r W E I G H T ( 1 4 )  
c o Y ~ ' o ~ l  I 1  I J1 9 I2 9 J2 9 I 3  9 J3 
CO?4V''ON I C  9 I D  9 I E  L I B T  9 CS s L I B 1  
C0'4MON cs1 9 F L I B  9 P # E  9 R  9 W  

COV~4OQ THETA1 9 X 1  9 x 2  9 THETA2 9 Y 1  9 Y2 
c o w o r :  z I I z 2  9 CP 9 2 3  9 DCP 9 z 4  
cawoh! ECP 9 GAY 9 EG 9 P H I  9 c x  9 CY 
co'4'loY cz 9 CA 9 CB 9 cc 9 CE WEIGHT 
CO~IVOY NOREG 9 L I S T  
DATA J J J 5 / 3 /  
REA0 ( 5  ~ ~ O ) N ~ Y G ~ I C S I D ~ I E ~ I T A P E ~  PID9  PNOtCS 

f F ( C S m l e 0 )  2 0 9  30, 20 

!!RITE ( 6 , 2 5 ) P I D ,  PNO, CS 

C A L L  E X I T  

13 

2 0  PVO = PN3/10O.O 

25 FOQI'4AT (33HODISCREPANCY IN I D  F I E L D  Of; CARD A4rF2*2 , -4PF4*4)  

FORMAT { 61 1 0  12XA49 F2e 0 9 F4. 0 

30 (IEAD ( 5  ,40)Rl,R29E~R923,24,LISTtP~l~~Sl 
4 C  FOR'IAT ( 2F10.2 94E10149 I1 95XF2.01F4.0) 

IF(PYO-PN1) 509 459 5 0  
45  IF(CS1-CS-1.0) 509 609  5 0  
5 0  PN1 = P N l / l 0 3 . 0  

!.'RITE ( 6 + 2 5 ) P I D 9  P V 1 ,  CS1 
C A L L  E X I T  

6 0  I F I I C - 9 )  130,  8 0 1  7 0  
7 0  ?RITE ( 6 9 7 5 1  
7 5  FORMAT (61HOTHERE IS A Y  ERliOR I N  A PROBLEM OPTION OR INDEXING PARA 

l'*'ETER. 1 
CALL E X I T  

8 C  READ ( 5  985)THETAls  THETA29 PNO9 CS 
85 FORMAT 2E10 e 4  946XF2.09F4eO) 

I F  ( PralO-Pf.ll) 209 909  2 0  
90 IF (CS-CS1- l rO)  2091009  20 

1 0 0  " L I B  = 0 

110 Y L I U  = N L I B  + 1 
1 2 0  I D 1  I D  + 1 

I F  ( L I S T )  1299 129,  1 2 1  
12  1 NR I T E Z 3 I 24 9 T t+ E T 

l A l g T Y E T A 2  
1 2 2  FOR'AAT ( 2 4 H l I N P U T  4ATA FOR PROBLEY A49FZe0/26H N, NG, IC,  ID ,  I 

I F (  I C )  70 ,  1201  110 

( 6 9 1 2 2 1 P I D 9 P \IO 9 N 9 NG 9 I C I I D 9 I E 9 I T APE 9 R 1 9 R 2 9 E 9 R I 

1 E 9  ITAPE / 6 1 1 0  / / 3 8 H  R l r  R29 E9 R 9  23, Z49 THETA19 THETA2/2FlO.O 
29 1P6E15.6 / /  1 

0 0 1 0  
0020 
0 0 3 0  
0 0 4 0  
0050 
0060 
0070 
0080 
0090 
OLOO 
OLlO 
0120 
0 1 3 0  
0140 

0 2 9 0  
0300 
3 3 1 0  
0 3 2 0  
0 3 3 0  
0 3 4 0  
0 3 5 0  
0 3 6 0  
0 3 7 0  
0 3 8 0  
0 3 9 0  
0 4 0 0  
0410 
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  
0 4 7 0  
0 4 8 0  
0 4 9 0  
0 5 0 0  
0 5 1 0  
0 5 2 0  
0 5 3 0  
0 5 4 0  
0 5 5 0  
0 5 6 0  
0 5 7 0  
0 5 8 0  
0 5 9 0  

0600 
0 6 1 0  
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1 4 0  I F ( 1 E - 1 )  709  175, 1 5 0  
1 5 0  N L I R  = Y L I R + l  
175  I F ( N L 1 B )  709 1000,  1 8 0  
1 3 0  READ ( 5  , 1 8 5 ) I , J s  F L I B ,  L.IBT9CS 

1 8 1  P!!iITE ( 6 9 1 8 2 ) F L I U 9 L I B T r I , J  
l f S 2  FOR~~lAT(24HOIrJPUT DATA FOR LIBRARY A4912 / /  5H 11 J / 2 1 1 0  1 
1 P 5 
189 IF(CS-1.0) 1909 2509 1 9 0  

I F  ( L I S T )  1899 189, 1 8 1  

F O'?h!A T ( 2 I 1 3 9 42 XA4 9 I 2 9 F 4 0 1 

190 P \ i l  = L I R T  
P \ ! 1  = PN1/100.0 
* 'RITE ( 6 9 2 5 ) F L I B p  PN1#  CS 

CALL E X I T  
? J i l  cOR'1AT(33H '3DISCREPANCY I N  I D  F I E L D  OF CARD A 4 r I 2 r - 4 P F 4 . 4 )  

2 5 9  GO T O  ( 3 0 0 9  3599 4qQ9 3 5 0 )  350 ,  4509  5009  6009 55019  L I B T  
3 P 3  CALL L I B R l ( I 9 P ( l ) )  

310  CS1 = CS 
3 2 3  C A L L  r ~ E S H ( I , X l ( l ) , X 2 ( l ) r Y l ( l ) ~ Y 2 ( l ) ~ ~ l ( l ) ~ Z 2 ( 1 ) )  

I F ( cs1-CS) 310, 7 0 9  3 2 0  

I 1  = I 
J1 = 3 
" L I H  = NL IR-1  

I F  ( L I S T  1 3409 3409 3 3 0  
33Q ! M I T E  ( 6 , 3 3 1 )  
3 3 1  FO:?tdAT(4HO ~ l H 1 ~ 7 X ~ 4 H P ~ I ~ ~ ~ 1 O X t 5 H X l ~ I ~ ~ l 0 X t 5 H X 2 ~  I ) r l O X r 5 H Y 1 ( 1 ) ~  

1 1 0 X r 5 ~ 1 Y 7 ( 1 ) ~ 1 0 X ~ 5 H Z 1 ( 1 ) ~ 1 0 X ~ 5 t i Z 2 ( 1 )  1 
DO 332 L = l 9 I  

W k I T E  ( 6 r 3 3 4 ) L ~ P ( L ) r X 1 ~ L ) r X 2 ~ L ) , Y 2 o , Z 1 ~ L ~ ~  Z Z ( L )  
332 COP:T I VUE 
3 3 4  FOllr*IAT( 1H 9 1 4 d P 7 E 1 5 . 6 )  
340  GO Tr) 1 7 5  
350  CALL L I R I I 1  ( I r P (  1 )  1 

111 = 1+1 
IF (CS1-CS)  3709 70, 3 6 0  

360  CS = CS1 
370  CALL L I B R l ( ' 4 1 9 X 1 1 1 )  1 

I1  = I 
J1 = 9 
' ! L I B  = N L I H - 1  

I F  ( L I S T  1 3909  3909 3 8 0  
3A9 b!?ITE ( 6 9 3 8 1 )  
3 8 1  FOR'EAT(4HO 9 l t J I  ,7X,4HP( I) 910X,5HX1( I) 

DO 3 8 2  L = 1 9 I  
W Q I T E  ( 6 r 3 3 4 ) L , P ( L )  , X l ( L )  

382  C 3 N T  I P!UE 
3 9 0  GO T O  175  ' 
400  CALL L I B R l  ( I , P ( l ) )  

'41 = I+1 

9 6 4 0  
0 6 5 0  
0 6 6 0  
0 6 7 0  
0680 
0 6 9 0  
0700 
0710 
0 7 2 0  
0 7 3 0  
0 7 4 0  
0 7 5 0  
0 7 6 0  
0770 

0 7 8 0  
0 7 9 0  
0800 
0 8 1 0  
0 8 2 U  
0 8 3 0  
0 8 4 0  
0 8 5 0  
0 8 6 0  

0 8 8 0  
0 8 9 0  
0 9 0 0  
0910 
0 9 2 0  
0 9 3 0  
0 9 4 0  
0 9 5 0  
0 9 6 0  
0 9 7 0  
0 9 8 0  
0 9 9 0  
1 0 0 0  
1010 
1 0 2 0  
1 0 3 0  
1 0 4 0  
1050 
1 0 6 0  
1 0 7 0  
1080 
1 0 9 0  
1100 
I l l 0  

0 8 7 0  
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129 GO TO (140e130~140~130~130e140~140e140~14 
139 NLIB = NLIB+l 

IF(CS1-CS) 
405 CS = CS1 
410 CALL LIBRl(Ml,ZL(l)) 

415 CS = ES1 

M1 = J+l 
I F CS1-CS 1 

425 CS = CSl 
430 CALL LIBRl (MleXl(1)) 

I F ( CS1-CS 1 

420 CALL LIBRl IJWQ(1)) 

I1 = I 
J1 = J 
NLIR NLIB-1 

IF(L1ST) 

7. 

440 WRITE (6,441) 

410; 1909 405 

420, 190, 415 

430, 190, &25 

4499 4499 440 

441 FOKMAT(4HO ~ 1 t i 1 ~ 7 X ~ 4 H P ~ 1 ~ ~ 1 0 X ~ 5 H Z l ~ I ~ ~ l l X ~ 4 H Q o , 1 0 ~ ~ 5 H X l ~ I ~ ~  
DO 442 L=lrI 
WRITE (6,334)L,P(L),Zl(L),Q{L),Xl(L), 

442 CONTINUE 
449 GO TO 175 
450 READ (5 ,460)ALPHAs UETAe GAMMAe LIH1,CSl 
460 FORMAT13E10*4,36XI2,F4.0) 

IF(LIi31-LIBT) 480, 470, 480 
470 I F ( CS1-CS-1 e 0 1 480, 4909 480 
480 NRITE (6,200)FLIB 9 LIB19 CS1 

CALL EXIT 
490 NLIH = NLIH-1 

I2 = 0 
IF ( LIST 1 4999 G999 491 

491 ldRITE (6?492)ALPYA,BETh,GAMMA 
492 FORMAT(7HOALPHA=,lPlE15*6/7H BETA=tE15*6/7H GAMMA=rE15.6) 
499 GO TO 175 
500 CALL LIBRl(I~CP(11) 

C 
V l  = 1+1 
I F ( CS-CSl 1 5059 480, 510 

505 CS = CS1 
510 CALL LIBRl(MlrGAY(1)) 

C 
I2 = I 
J2 = 0 
Yt.19 = NLIB - 1 

520 WRITE (6,521) 
521 FORYAT(4HO ~ l H I ~ 6 X t 5 H C P ( I ) r 9 X ~ 6 H G A M ( I )  1 

IF ( LIST 1 540, 540, 520 

DO 522 L=lrI 

0620 

1140 
1150 
1160 
A170 
1180 
1190 
1200 
r210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
2330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
15 71, 
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!nlR I T E ( 6 9 3 3 4 1 L 9 C P ( L 1 9 GAM ( L ) 
5 2 2  CONTINUE 
5 4 0  GO TO 1 7 5  
5 5 0  C A L L  L I Y R l ( I , E C P ( l ) )  

E l  = 1+1 
IF(CS-CS1) 5559 4809  5 6 0  

5 5 5  cs = cs1 
5 6 0  C A L L  L I B R 1 ( b A 1 9 E G ( 1 )  1 

13  = I 
N L I B  = YL IB-1  

I F  1 L I S T  1 580,  5 8 0 t  5 7 0  
570  WRITE ( 6 , 5 7 1 )  
5 7 1  FORVAT(4HO ~ ~ H I , ~ X I ~ H E C P ( I ) , ~ O X , ~ H E C ( I )  

DO 572  L - 1 ~ 1  
WRITE ( 6  9 3 3 4  1 L'9ECP ( L 1 9 EG ( L 1 

572 CONTINUE 
550  GO T O  175  
6 0 0  C A L L  L I B R l ( I t C P ( 1 ) )  

"'1 = f + l  
IF(CS-CS1) 605, 4809  6 1 0  

605  CS = CS1 
6 1 0  C A L L  L I B R l ( Y l s G A M ( 1 ) )  

6 1 5  CS = CS1 
6 2 0  C A L L  L I B R 4 ( 1 t J t D C P ( l i l ) )  

U l  = J+l 
IF(CS-CS1) 6259  4809 6 3 0  

625  CS = C S l  

IF (CS-CS1)  6 1 5 s  4809  6 2 0  

6 3 0  CALL L I U R 5 ( I t M l t P H I ( l t l ) )  
I 2  = I 
J 2  = J 
N L I B  = N L I R  -1 

I F  ( L I S T )  6509 6 5 0 9  6 4 0  
640  WRITE ( 6 9 6 4 1 )  
6 4 1  FORVAT(4HO ,lHI,6X~5HCP('I),9X96HGAM(1)~9X~6H'DCP(I) ) 

DO 6 4 2  L t l s I  
WRITE ( ~ , ~ ~ ~ ) L I C P ( L ) , G A M ( L ) ~ D C P ( L , ~ )  

642  COMT I NUE 
6 5 0  GO T O  1 7 5  

C L I B R 5  = L I S R 4  W I T Y  DIMENSION B ( 5 0 9 5 1 )  

C SUB93UTIYE RINT SETS A FORK I N  SUBPROGRAM RAND T O  GENERATE 

C RU'I1BERS GEPIERATEU ARE UNIFORMLY DISTRIBUTED I N  THE INTERVAL 

1090 CALL P I X T ( R 1 9 ? 2 )  

C RA".!DO*" NU'J~BERS FRO'4 THE RANDOM INTEGERS R19R2. THE RANDOM 

I F ( \ ! )  709 70, 1 0 1 0  
1 0 1 0  I F ( I D )  709 10209 1 0 2 0  
1020 I F ( 1 D - 1 0 )  , 1033 ,  1 0 3 0 *  7 0  
1 0 3 0  I F ( I E - 2 )  1035, 1035, 70 

1 5 8 0  
1 5 9 0  
1 6 0 0  
1 6 1 0  
1 6 2 0  
1 6 3 0  
1 6 4 0  
1 6 5 0  
1 6 6 0  
1 6 7 0  
1 6 8 0  
1 6 9 0  
1 7 0 0  
1 7 1 0  
1 7 2 0  
1 7 3 0  
1 7 4 0  
1 7 5 0  
1 7 6 0  
1 7 7 0  
1 7 8 0  
1 7 9 0  
1 8 0 0  
1 8 1 0  
1 8 2 0  
1 8 3 0  
1 8 4 0  
1 8 5 0  
1 8 6 0  
1 8 7 0  
1 8 8 0  
1 8 9 0  
1 9 0 0  
1 9 1 0  
1 9 2 0  
1 9 3 0  
1 9 4 0  
1950 
1 9 6 0  
1 9 7 0  

1 9 9 0  
2 0 0 0  

O I L .  2 0 1 0  
2 0 2 0  
2 0 3 0  
2 0 4 0  
2 0 5 0  
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1 0 3 5  CALL PROB 
C 

5 0  
14*1 

5 
5 INREC 

IF (12 )  
1 0 5 1  I F  ( 1 2 1 )  
1 0 5 2  1201 

I K = I Z l  
KT=O 
GO TO 1055  

1 0 5 3  K T = l  
I K = 1 4  

c 
1 0 5 5  DO 1 3 9 0  J = 1 9 1 2  

DO 1 3 5 0  K = l t I K  
I F (  I C )  

1 0 6 0  C X ( K )  = 010 
C Y ( K )  = 0.0 
C Z ( K )  = 0.0 
GO TO 1080 

1 0 7 0  C A L L  COORD(K1 
1 0 8 0  I F ( 1 D - 1 )  
1 0 9 0  I F ( I C - 8 )  
1 1 0 0  C A L K )  = ALPHA 

C B ( K I  = BETA 
C C ( K )  = GAMMA 
GO TO 1120  

1 1 1 0  CALL DIRCOS(K1 
1 1 2 0  I F ( 1 E - 1 )  
1 1 3 0  C E ( K )  E 

GO TO 1300  
1 1 4 0  CALL Er\lERGY(K) 
1 3 0 0  I*!EIGHT(K) = 1.0 

NO REG(K) = 1 

WRITE ( J J J 5  ) ( C X (  
1 WE I 

NREC = NREC+l 

1 3 5 0  COh!TXNUE 

1 3 9 0  COt\:T X NUE 
1 4 0 0  CONTINUE 

I F ( K T )  
1 4 0 5  f F ( I Z 1 )  
1 5 0 0  REWIMD JJJ5  

PrJi  = ITAPE 

1500,  1500, 1 0 5 2  

2180 
2 1 9 0  
2 2 0 0  
2 2 1 0  
2 2 2 0  
2 2 3 0  
2 2 4 0  

1060, 1 0 6 0 r  1 0 7 0  2 2 5 0  
2 2 6 0  
2 2 7 0  
2 2 8 0  
2 2 9 0  
2 3 0 0  
2 3 1 0  
2320 
2 3 3 0  
2 3 4 0  
2 3 5 0  
2 3 6 0  
2 3 7 0  
2 3 8 0  
2 3 9 0  
2 4 0 0  
2410 
2 4 2 0  
2 4 3 0  
2 4 4 0  
2 4 5 0  
2 4 6 0  
2 4 7 0  
2 4 8 0  
2490  
2 5 0 0  
2 5 1 0  
2 528  
2 5 3 0  

1090,  1100, 1 1 1 0  
70s  11209  1120  

1 1 3 0 1  1130, 1 1 4 0  

1500,  1500, 1 4 0 5  
1500, 1500,  1 0 5 2  
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I F  ( I Z 1 )  1521,  15219 1 5 2 2  
1 5 2 1  1Z1=14  
1 5 2 2  WRITE ( 6 9 1 5 4 0 ) P N l ~  N, NREC, I Z 1  
1 5 3 0  FORMAT (15HOEND OF PROBLEM) 
1 5 4 0  FORMAT (64HlPROBLEM COMPLETE, SOURCE TAPE GENERATED HAS BEEN LABEL 

1ED SOURCE-4PF4.4/25H THIS  TAPE CONTAIN'S - - -/I15,29H = NUMBEH OF 

3ARTICLES PER RECORD) / I15 r37H = NUMWH OF PARTICLES ON LAST RECORD) 
2SOURCE P A R T I C L S S / I 1 5 t 6 2 H  NUMBES OF L O G I C A L  RECORDS (MAX. OF 14 P 

I Z 1  = ITAPE+ l  
REWIND J J J 5  
READ(JJJ5)NRECs N, ITAPE, Y G  
WHITE(6v11)  NREC, N, ITAPE, NG 

WRITE (6 ,15301  
11 F O R M A T I  bH NREC=I lO*  5x9  3H N = I l O i  5x1 7H ITAPE=I lOw 5x9  4 H  i.lti=15) 

I F  ( L I S T  1 160Gs 1600,  1 5 6 0  
1 5 6 0  WRITE (691565)NREC,N*ITAPEING 
1 5 6 5  ~ F O R M A T ~ 6 H l ~ R E C ~ ~ I B ~ l O X r 2 H N ~ , I 8 r l O X 1 6 H I T A P ~ ~ ~ I 9 ~ l O X ~ 3 ~ i ~ ~ ~ ~ I ~ / ~  

1 5 7 0  FORYAT(4HO 97HI  N O K E G ~ ~ X I ~ Y C X ( I ) ~ S X ~ ~ H C Y ( I ~ ~ Y X ~ ~ H C Z ~ I ) ~ ~ X V ~ H C A  
WRITE ( 6 9 1 5 7 0 )  

1(I)r9X,5HCB(I),9X,5HCC(I),9XI5YCE(I)r7X,9H~€IGHT(I) 1 
DO. 1 5 8 0  L=l, 1 0  
WRITE ( 6 t 1 5 9 0 ) L 1 N O R E G ( L ) r C X ( L ) , C Y ( C ) , C Z o ) , C A ( L ) r  C U ( L )  ,CC(L 

1) ,CE(L)  vWEIGHT(L) 
1 5 8 0  CONTINUE 
1590 FORMAT(1H r 2 1 4 r l P 8 E 1 4 . 5 )  
1600 CALL E X I T  

END 

2560 
2 5 7 0  
258U 
2 5 9 0  
260U 
2 6 1 0  
262G 
2 6 3 0  
2 6 4 L  

2 6 5 3  
266U 
2 6  / Q  
266u 
26Ya 
2 7 0 0  
2 7 1 3  
2 7 2 0  
2 7 3 0  
2 7 4 0  
275U 
2 7 6 0  
277U 
2 7 8 0  
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SUBRQUT INE LIRR1( Y r A 1 
DIMENSION A(1000) 
COYYOY I1 , J1 9 I 2  9 J z  1 3  3 3  
COMYON IC * ID 9 IE 9 LIBT 9 CS r LIB1 
COMMON CS1 9 FLIB 

K1 = M/12 
KZ = M - 12W1 
K3 = 0 
K4 = 0 
K 5  = 0 
Kb = 0 
IFlKl) 

K3 = K6+l 
K 4  = K3+5 
Y5 = K4+1 
K6 = K5+5 
HEAL2 ( 5  r 5 0 0 ) ( A ( L ) r L = K 3 , K . 4 ) , L I H l r C S l  
IF(LIRl-LI3T) 6OGg 559 693 

55 IF(CS1-CS-lrO) 600,  6[!9 600 
6 0  READ (5 ,500) (A(L) vL=K5,<6) ,LI!!T,CS 

C THE FOLLOWING DATA STATEVENT(S) HAVE BEEN VANUFACTURED 

50  DO 75 I( = lrK1 
1 3 0 r  100, 5 0  

IF(LIB1-LIRT) 650,  659 6511 
6 5  IF(CS-CSl-lr9) 650,  759 6 5 0  
7 5  CONTIVUE 
100 K3 = Y6+1 

IF(K2) 7C09 7039 105 
105 GO TO (1209 1509 180, 2109 2439 27il9 2701 2709 2709 2709 27019 K2 
120 ciEAL1 ( 5  ,125)A(K3)rLIBlrCS1 
12 5 FOR"AT ( k10 e 4 9 56 X I2 F4 e 0 ) 

IF(LI31-LIBT) 6 0 0 1  1339 6 0 3  
130 I F ( CS1-CS-1 e 0 1 612C1 70?9 hD!> 
150 READ ( 5  ,160)A( IC3)  ,A(1(3+1) sLIY1,CSl 
160 F O R ' ~ A T ( 2 E 1 0 1 4 , 4 6 X I % , F 4 . 0 )  

IF(LIB1-LIBTI 6039 1709 600 
170 I F ( CS1-CS-1 r 0 ) 600s  7009 6 0 0  
1 8 0  K4 = K3+2 

YEAD ( 5  r 1 9 0 ) ( A ( K ) , K = ~ 3 , K 4 ) t L I Y 1 , C S 1  
IF(LIS1-LIBT) 6 0 0 ,  2009 600 

19 0 FORCE AT ( 3 E  10 e 4 9 3 6 X  I 2 v F 4  e 0 1 
2 0 0  IF(C.51-CS-1.n) 6 0 0 ,  79 ' ) s  6' lq  
210 K4 = K3+3 

REAI) ( 5  r 2 2 0 ) ( A ( K ) , l ~ = K 3 , K 4 ) r L I ~ l ~ C S l  
2 2 0 FORMAT ( 4 E 1 0 4 4 , 2 6 X I 2 9 F 4  e 0 1 

IF(L1RT-LIB11 6U09 2309 6 0 0  
230 I F ( CS'1-CS-1 e 0 1 6009  7C)c)9 600 
240 K 4 = K 3 + 4  

READ ( 5  ,250)(A(L),L=K3rK4),LI~l~CSl 

0010 
0 0 2 0  
3030 
0 0 4 0  
005U 
0060 
0130 
0140 
0150 
0160 
0170 
0180 
0190 
0 2 0 0  
0210 
0220 
0 2 3 0  
0240 
0250 
0260 
02 7 0  
0 2 8 0  
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250 FORVAT(SElOe4r16X12tF4~0) 

260 IF(CSl~CS-leO1 600, 700, 600 
IF(LfB1-LIBT) 6009 260, 600 

270 IC4 = K3 + 5 
READ ( 5  ~ 5 0 0 ) ( A ( L ) ~ L ~ K 3 ~ ~ K 4 ) r L l s l r C S l  
XF(LIB1-LIBT) 600, 280, 600. 

280 IF(CSl-CS-l*O) 600, 300, 600 
300 K3 = K4+1 

K2 = K2-6 
cs = CS1 
IF(K2) 6909 690s 105 

500 F O R Y A T ( 6 E 1 0 ~ 4 ~ 6 X I Z ~ F 4 ~ 0 )  
550 FORMAT (35HODISCREPANCY IN IrD. FIELD OF CARD A4,12rF4*0) 
600 LIBl = LIBl + 100 

cs1= cs1 + 10000.0 
WRITE (6955O)FLIBe LIBlr Cs1 
CALL EXIT 

653 L I B L  = LIBl + 100 
cs = cs + 10000*0 
!IrRITE (6,55O)FLIB, LIB19 CS 
CALL EXIT 

690 CS = CS1 - 1.0 
700 RETLJRV 

END 

055t  
056C 
057C 
0 5 8 (  
0 5 9 (  
060C 
0611 
Q62( 
063t 
064C 
065C 
066C 
067C 
068C 
069C 
070C 
071C 
0 72C 
073C 
074C 
075C 
0 76C 
077C 
078C 
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SUBROUTIVE LIBR4(L,M,Q) 

DIMEYSION B(50,50)  
COYYON I 1 9 J1 9 I 2  9 J2  9 I 3  9 J3 
CO$,l\!Oh! I C  9 I D  9 I E  9 L I B T  r CS 9 L I B 1  
COYMON CS1 9 F L I B  
K 1  = M/12 
K2 = V - 12+K1 
30 3 5 0  L1 = 1 r L  
Y3 = 0 
K 4  = 0 
K5 = 0 
K 6  = 0 
K7 = K2 
I F ( K 1 )  1809 1001 5 0  

K3 = K6+1  
K 4  = K3+5 
K 5  = K4+1 
K6 = K5+5 
QEAD ( 5  , ~ O O ) ( B ( L ~ , L ~ ) ~ L ~ = K ~ ~ K ~ ) , L I B ~ S C S ~  
I F ( L I B 1 - L I B T )  6009  559 600 

55 IF(CS1-CS-1.0) 600, 60, 6 0 0  

I F ( L I R 1 - L I H T l  6509  659  6 5 0  
6 5  IF(CS-CS1-1.01 6509  759 6 5 0  
7 5  CONT I AjUE 

100 K 3  = K6+1  

105  GO T O  ( 1 2 9 9  150, 1809 2109 2409 2709 2709 270, 270,  2709 2 7 0 ) s  K 7  
1 2 0  READ ( 5  9 1 2 5 ) B ( L l r K 3 ) (  L I B 1 9  CS1 

1 2 7  I F ( L I O 1 - L I B T )  6009 1309 6 0 0  
1 3 0  IF(CS1-CS-1.C) 6 0 0 ,  1409 6 0 0  
1 4 0  CS = CS1 

1 5 C  READ ( 5  1155)U(Ll,K3l,R(LliK3+l~r L I U l r  C S 1  

C SUBROUTINE L I B Q 4  I N  PRIMARY SOURCE CODE S O 1  ( 5 0 9 5 0 )  

5 0  DO 7 5  K =  l r K l  

6 0  READ ( 5  , 5 0 0 ) ( B ( L l r L 2 )  9L2=K59K6) t L I B T 9 C S  

I F ( K 2 )  3509 .350r 105  

125 F O R Y A T ( E 1 0 r 4 9 5 6 X I Z ~ F 4 . 0 )  

GO TO 350 

155 F O 9 Y A T ( 2 E 1 0 . 4 r 4 6 X I 2 r F 4 . 0 )  
GC T O  1 2 7  

180  K 4  = Y3+2 
READ ( 5  9 1 8 5 ) ( H ( L l r L Z ) , L 2 = K 3 r K 4 ) (  L I B l r  C S 1  

GO T O  1 2 7  

2 1 0  K 4  = K3+3 

185  FORr fAT(3E10.4 ,36XI29F4.0)  

READ ( 5  r 2 1 5 ) ( B ( L l , L 2 ) r L 2 = K 3 , K 4 ) ,  L I B 1 9  CS1 
GO TO. 127  

215  F O R M A T ( 4 E 1 0 . 4 r 2 6 X I 2 9 F 4 . 0 )  
2 4 0  K 4  = K3+4 

\ 

suoo?c 
SU00lC 
suo03c 
suoo4c 
s u o o 5 c  
SU006C 
s u 0 1 4 c  
SU015C 
6U016C 
SU0 17C 
suo 1 8 C  
suo 1 9 0  
suu 2 0 0  
s u o 2 1 0  
s u o 2 2 0  
SUO230 
SUO240 
SUO250 
SUO260 
SUO270 
SUO280 
s u o 2 9 0  
s u o 3 0 0  
SU031U 
SUO320 
SUO330 
s u o 3 4 0  
SUO3 50 
SU3360 
s u o 3 7 0  
SUO383 
suo 3 yo 
SUO400 
SUO410 
SUO420 
SUO430 
SUO440 
s u 0 4 5 0  
SUO460 
SUO470 
SUO480 
SUO490 
suo 5 ctu 

SUO5 10 
SUO520 
s u o 5 3 9  
s u o 5 4 0  
SUd550 
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READ ( 5  , 2 5 O ) ( B ( L l i L 2 ) , L 2 = K 3 , K 4 ) , L I B 1 9 C S l  

GO T O  1 2 7  
2 7 0  K4 = K3+5 

READ ( 5  r 5 0 0 ~ ( B ( L l , L 2 ) i L 2 = K 3 , K 4 ) , L I B 1 , C S l  
I F ( t I B 1 - L I B T )  600, 280, 6 0 0  

2 8 0  IF(CS1-CS-1.0) 600, 300,  6 0 0  
300 K 3  = K4+1 

K 7  = K7-6 
cs  = cs1 
I F ( K 7 )  350, 9509 105 

3 5 0  CONTINUE 
cs  = cs1  - 1.0 
GO TO 700  

2 5 0  FORMAT(5E10.4t16X12,F4~0)  

500  F O R Y A f ( 6 E 1 0 . 4 t 6 X I Z , F 4 r 0 )  
5 5 0  FORMAT (35HObISCREPANCY I N  1.D. F I E L D  OF CAKD A49129F4.0) 
600 L I B 1  = L I B l  + 1 0 0  

cs1 = cs1 + 10000.0 
WRITE ( 6 9 5 5 O ) F L I B s  L I B 1 9  CS1 
C A L L -  EX f T 

6 5 0  L I B l  = L I B l  + 100 
cs = cs + 10000.0 
WRITE (6,55O)FLIB,  L I B 1 ,  CS 
C A L L  E X I T  

END 
7 0 0  RETURN 

SU056: 
s u o 5  71 
SU058L 
SU059C 
SU060i 
SUO61C 
SU062C 
SU063: 
SUO64C 
SU065C 
SU066C 
SU067L 
Sua6  bC 
SU069C 
SU070'L 
suo71c 
SU072C 
s u o 7 3 c  
s u o 7 4 c  
s u o 7 5 0  
SUO760 
SUO 7 70 
SUO780 
SUO 7 90 
SU0803 
SUO810 
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SUBROUTINE YESH (M,AjB,C,DgE,F) 
DIYENSION , A ( 1 0 0 0 )  I B ( 1 0 0 0 )  9 C (  1 0 0 0 )  9 

COMYON 11  9 J I  9 I 2  9 J 2  9 13 9 J3 
COMMON I C  9 ID 9 I E  9 L I B T  9 CS 9 L I B 1  
COMMON CS1 9 FL1.B 

READ ( 5  r 2 0 0 l A ( L ) r B ( L ) r C ( L ) , D ( L ) t E o , F ( L ) , L I B f r C S  
~ F ( L I B T  - LIBZ) 150, 4 0 9  1 5 0  

4 0  I F ( C S-CS 1;1 o 0 1 150, 50, 150 

1 O(1000) 9 E ( 1 0 0 0 )  9 F ( 1 0 0 0  1 

3 0  DO 100 L = 1 j M  

5 0  CS1 = CS 
1 0 0  CONTINUE 

1 5 0  WRITE ( 6 t 1 6 0 ) F L I B ,  L I B T ,  CS 
GO TO 300  

C A L L  E X I T  
1 6 0  FORYAT (35HODISCREPANCY I N  I o D e ' F I E L U  OF CARD A 4 9 1 2 ~ F 4 . 0 )  
200 FORMAT(6E1004,6X12tF4.0) 
300 RETURN 

END 

001c 
002c 
003C 
004C 
005C 
006C 
022c 
023C 
024C 
0z5c 

030C 

0 3 4 c  
3 3 5 1.. 

0 3 5 :  
041' 
3451 
040 
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SUBROUTINE L I B R ~ ( L I Y ~ B )  

DIMENSION B ( 5  
COMMON 11 
COMMON I C  
COMMOhl cs1 
K l  = M I 1 2  
K 2  = Y - 12*K1 
DO 3 5 0  L 1  f 1,L 
K3 = 0 
K 4  = 0 
K5 = 0 7 suo 1% 
K6 = 0 SU020C 
K 7  = K2 SU021L 
I F ( K 1 )  1009 1009 5 0  SU022C 

5 0  Do 7 5  K= 1 9 K 1  SU023C 
K3 = K 6 + 1  SU024C 
K 4  = K3+5 SU025C 
K5 = K4+1 SU026C 
K6 = K5+5 SUO2 7C 

r500)(U(LlrLZ),L2=K3,K4)9L1~19CSL SU028C READ ( 5  
I F ( L I R 1 - L I U T )  600, 559 600 suo29c 

55 IF(CS1-cs-1.01 6009 609 6 0 0  suo3oc 
60 READ ( 5  ,500)  ( B ( L 1 9 L 2 )  rL2=K59K6)  9LIBT9CS suo31c 

650,  65,  6 5 0  suo32c 
65 IT(C5-CS1-1.0) 650, 759 6 5 0  SU033C 
7 5  CONT I NUE SU034C 

100  K 3  = K6+1 suo35c 
I F ( K 2 )  3509  3509 1 0 5  SU036C 

1 0 5  G O  T O  (120, 1509 180, 2 1 0 9  2409 2709 2709 2709 2709 2709 27019 K7 SUO37C 
1 2 a  R E A D  ( 5  , 1 2 5 ) B ( L 1 9 K 3 ) r  L I B 1 9  CS1 SUO38C 
1 2  5 FORMAT ( E 10 4 9 5 6  X I 2 9 F4 e 0 SUOSSC 
1 2 7  I F ( L I B 1 - L I B T )  6 0 0 ,  1309 600 suo4oc 
1 3 0  I F ( C S l - C S - l e 0 )  6009  1409 600 SU041C 
140 CS = CS1 suo42c 

GO T O  350  suo43c 

155  F O R ~ ~ A T ( 2 E 1 0 0 4 r 4 6 X 1 2 r F 4 . 0 )  su045c 
GT) T O  1 2 7  SUO46C 

180 K 4  = K3+2 suo47c 
READ ( 5  ,185)(B(Ll,L2)rL2=K39K4)9 L I B 1 9  CS1 SU048C 

185’ F O R M A T ( 3 E 1 0 . 4 9 3 6 X I Z ~ F 4 . 0 )  SUO490 
GO T O  1 2 7  SUO 5 OC: 

2 1 0  K4 = Y3+3 SUU51G 
K E A 0  ( 5  , 2 1 5 ) ( 8 ( L l r L Z ) , L Z = K 3 , K 4 ) ,  L I B l r  CS1 SUGSLi: 
GO ro 1 2 7  S11053c, 

2 15 FORMAT ( 4E 1.0 4 9 2 6 X  I 2 9 F 4  0 1 SU054L 
240  K 4  = K3C4 SUO552 

SUBROUTINE L I B  

I F  ( L  1131-L I.BT 1 

1 5 0  READ ( 5  9 1 5 5 ) 8 ( L l , K 3 ) r B ( L l r K 3 + 1 ) (  L I B 1 9  CS1 suo44c 
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SU056( 
SU057( 
SU058( 
SU059( 
SUO601 
SUO611 
SU062C 
SU063C 
SUU64L 
SUO65( 
SUO661 
SUO6 7( 
SUO68L 
SUOBYC 
SU070f 
SU371C 
SUO72C 
suo73c  
SUO741 
s u o 7 5 1  
SU07iiC 
s u o 7 7 c  
SUO '7 8.i 
suo 7 9i 
SUU80C 
SU081C 
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SUBROUT I NE PRO6 
DIMENSION P ( l O O O ) *  Q ( 1 0 0 8 ) ( ~  X l ( 1 0 0 0 )  9 x 2  ( 1 0 0 0 )  B 

1 C E ( 1 4 ) r  Y111000) ,  Y 2 ( 1 0 0 0 ) ,  Z l ( 1 0 0 0 ) ~  ZZL lOOO)*  
2 C P ( 5 0 )  s DCP(50,50),  ECP(501,  GAM(511 t 
3 E G ( 5 1 )  9 P H I ( 5 0 t 5 1 1 ,  C X ( 1 4 1 9  C Y ( 1 4 1 ,  NOREG(141, 
4 CZ( 14) 9 C A ( 1 4 ) g  C B ( 1 4 ) v  C C ( 1 4 ) r W E I G H T ( 1 4 )  

COMMOr\l I 1  9 J1 9 I2 9 J 2  * 13  9 J3 
C0" .1~ON IC 9 I D  9 I E  t L I B T  9 CS 9 L I B 1  
C O Y ~ O ~ I  cs1 9 F L I B  9 P * E  , R  s o  
COk'WN THETA1 9 X 1  9 x 2  9 THETA2 9 Y 1  9 Y2 
COr"'0OY 2 1  9 22 9 CP 9 2 3  9 UCP * 2 4  
CO~"?"!OY ECP t CAY 9 EG 9 , P H I  9 cx 9 C Y  
COMVON CZ 9 CA 9 CB 9 cc 9 CE 9 WEIGHT 
COYYON NOREG 

C D I YENS I ON STATEMENT SAME AS M A 1  N PROGRAM. 
C COVhfOY STATEMENT SAME AS MAIN PROGRAM. 

I F (  I C )  L O O *  100, 10 

DO 20 1 ~ 1 9 1 1  
I F ( P ( 1 ) )  309 159 1 5  

1 0  suv = 0.0 

1 5  SUY = SUM + P ( 1 )  
2 0  CONTINUE 

25 JACK = 1 
3 0  WRITE ( 6 9 3 5 ) J A C K  9 SUM 
3 5  FORMAT (40HO ERROR I N  A PROBABILITY TABLE, L O C A T I O N s I 2 ~  

I F  ( A B S ( S U ~ - l r 0 ) - . 0 0 0 0 1 t  40, 409 25 

1 6 H  SUM = 9  1PlE15.6 ) 
CALL E X I T  

4 0  I F ( 1 C - 3 )  100,  45, 1 0 0  
45  suh.1 = 0.0 

DO 7 0  I = 1,Jl 
I F ( O (  I )  1 309 50, 5 0  

5 0  SUV = SUM + Q ( I )  
7 0  CONTINUE 

I F  ( A B S ( S U V ~ l r 0 ) ~ r O O O O l )  100, 100, 7 5  
75 J A C K  = 2 

GO T O  3 0  
1 0 0  I F ( I 0 - 3 )  200, 1059 1 1 0  
105 SUY 31 0.0 

GO T O  1 1 5  
110  I F ( I D - 4 )  200, 105, 2 0 0  
115  DO 130  I = 1912  

1 2 0  SUY = SUM + C P ( 1 )  
1 3 0  COPITI%UE 

I F  ( A B S ( S U M ~ 1 ~ 0 ) - ~ 0 0 0 0 1 )  1409 1409  1 3 5  
135  JACK = 3 

GO TO 3 0  

I F ( C P (  I) 1 30, 1209  1 2 0  

O O J I O  
0020 
0030 
0 0 4 0  
0050 
0 0 6 0  
0 070 
0 0 8 0  
0 0 9 0  
0 1 0 0  
01 10 
0 1 2 0  
0 1 3 0  
0140 
0240 
0 2 5 0  
0 2  6 0  
0 2 7 0  
0 2 8 0  
0 2 9 0  
0 3 0 0  
0 3 1 0  
0 3 2 0  
0 3 3 0  
0 3 4 0  
0 3 5 0  
0 3 6 0  
0 3 7 0  
0380 
0 3 9 0  
0 4 0 0  
0 4 1 0  
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  
0 4 7 0  
0 4 8 0  
0 4 9 0  
0 5 0 0  
0510 
0 5 2 0  
0 5 3 0  
0 5 4 0  
0 5 5 0  
0 5 6 0  
0 5 7 0  



45 



46 

C 
C 
C 

SUBROUTINE COORD(Y) 
T H I S  SUBPROGRAM GENERATES PART 

FROV THE MAIN PROGRAM 
DIMENSION P ( 1 0 0 0 ) ,  Q ( 1 0 0 0 ) ,  

OPTION IC. DIMENSI~N AND COMYO 

1 C E ( 1 4 ) t  Y -1 (1030) ,  Y 2 ( 1 0 0 0 ) t  
2 C P ( 5 0 )  t DCPr50$501 ,  E C P ( 5 Q )  t 
3 E G ( 5 1 )  t P H 1 ( 5 0 9 5 1 ) ,  C X ( 1 4 ) s  
4 CZ( 14)  I C A ( 1 4 ) t  C B ( l 4 ) r  G C ( 1 4 )  

SUBROUTINE COORD(Y) 
T H I S  SUBPROGRAM GENERATES PART 

FROV THE MAIN PROGRAM 
DIMENSION P ( 1 0 0 0 ) ,  Q ( 1 0 0 0 ) ,  

OPTION IC. DIMENSI~N AND COMYO 

1 C E ( 1 4 ) t  Y -1 (1030) ,  Y 2 ( 1 0 0 0 ) t  
2 C P ( 5 0 )  t DCPr50$501 ,  E C P ( 5 Q )  t 
3 E G ( 5 1 )  t P H 1 ( 5 0 9 5 1 ) ,  C X ( 1 4 ) s  
4 CZ( 14)  I C A ( 1 4 ) t  C B ( l 4 ) r  G C ( 1 4 )  

COf\IMQN I1 9 J1 9 12 9 J 2  9 1 3  
COM"-1ON I C  9 I D  9 I E  9 L I B T  9 CS 
COMYON CS1 9 F L I B  t P * E  9 K  

COVh.lON THETh1 9 X 1  9 x 2  + THETA2 9 Y l  
COYVON 2 1  # 22  9 CP ? 2 3  9 WCP 
COMMOV ECP 9 GAM t E t  9 P H I  9 c x  
COMMON CZ 9 C A  9 CB 9 cc  9 CE 
COMYON NOREG 9 L I S T  
K = r4 
CALL RAND(R1) 
SUY = 0.0 
t = O  

LO L = L + l  
SUh4 = SUM + P ( L )  
IF (SUM - R I )  10,  20, 20 

20  GO T O  ~ioo~200r300~100~100,130,500;4039400~ + IC 
1 0 0  CALL RAND(R1) 

C X ( K )  = X l ( :L )  + R I + e ( X 2 ( L ) - X l ( L )  1 
CALL RAND ( R I 1 
C Y ( K )  = Y l I L )  + R I + C ( Y 2 ( L ) - Y l ( L ) )  
CALL RAND(R1) 
CZ(Y,) = Z l ( L )  + R I * ( Z Z ( L ) - Z l  
60 T O  1 0 0 0  

200 CALL RAND( R I  1 
RHO = X 1 ( L )  + R I * ( X l ( L + l I - X l  

21C CALL RAND(R1) 
1311 = RI+RI-1.0 
CALL RAND( l i f  1 
l ? I 2  3 R I  + R I  .. 1 6 0  

R13  = R I  + R I  - 1.0 
CALL RAND ( R I I 

L3 1 

L )  1 

ETA = R I l * R I l  + R12*R12 + R13*R13 
I F l E T A  1 . 0 )  2 2 0 ,  220, 2 1 0  

C X ( K )  = RI l*RHO/ETA 
C Y C K )  = RI2*RHO/ETA 
C t ( l 0  = R13+RHO/ETA 
GO T O  1 0 0 0  

300 C A L L  RAND(R1) 

2 2 0  ETA = SQRT(ETA1 

9 J3 0100 
9 L I B 1  0 1 1 0  
t u  0 1 2 0  
9 Y2 01'30 
9 2 4  0 1 4 0  
v C Y  0 1 5 0  
t :.,'EIGHT 0 1 6 0  

0 1 7 0  
02 7 0  
028U 
0 2 9 0  
0300 
0310 
0 3 2 0  
0 3 3 0  
0340 
03 5 0  
0 3 6 0  
0370 
0 3 8 0  
0 3 9 0  
0 4 0 0  
0 4 1 0  
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  
0 4 7 0  
0 4 8 0  
0 4 9 0  
0500 
0 5 1 0  
0 5 2 u  
053tJ 
0540 
0 5 5 u  
0 5 6 0  
0 5  -fa 
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C Z ( K )  Z l ( L )  + R I * ( I l ( L + l )  - Z l t L ) )  
CALL RAND(R1) 
SUM = O m 0  
L = o  

SUM = SUY + Q(L)  
I F ( S U Y  - R I )  310, 3209  3 2 0  

320 C A L L  RAND(R1) 
RHO X l ( L )  + R I * ( X l ( L + l ) - X I ( L ) )  
DEL = 1.0 
GO TO 7 0 0  

4 0 0  CALL RAND(R1) 
TH = X l ( L )  + R I + ( X l ( L + 1 ) - X l ( L ) J  
STH = S I r \ l (TH)  
CTH = COS(TH) 
I F (  IC-8 1 410, 4109  4 5 0  

4 1 0  C Z ( K )  = R*CTH 

31'0 L = L + l  

C CORFZECTION CARDS FOR SUBROUTINE COORD(K)r fC-5)eREPLACE CARD 0068  
C BY THE FOLLOWINGm DELETE CARD 0 0 6 9 r  

RHO = R*STH 
DEL = O m 0  
GO T O  7 0 0  

4 5 0  IF(TH-THETA11 4559 4559  4 7 0  
455  C Z ( I 0  = 2 4  
460  RHO = CZ(K)*STH/CTH 

DEL = O m 0  
GO T O  7 3 0  

470  IF(TH-THETA21 4809 4759 475  
475 C Z I K )  = 23  

4 8 0  C Z ( K )  = R*CTH/STH 
GO T O  463  

RHO = R 
DEL = O m 0  
GO T O  7 0 0  

5 0 0  CALL RAND(R1) 
QHO = X l ( L )  + R I * ( X l ( L + l ) - X l ( L ) )  
C Z ( K )  = O m 0  

DEL = I n 0  

R I 1  = R I + R I - l r O  

R 1 2  = R I + R I - l m O  

C REPLACES C A R D  0097. SUBROUTINE COORD(KI9 C-5. 

7 0 0  C A L L  RAND(R1) 

C A L L  RAND(R1) 

ETA = R I l * R I l  + RIZ*R12 
I F ( E T A  - 1.0) 710, 710, 7 0 0  

CPHI=, R I l / E T A  
SPHI= R12/ETA 

7 1 0  ETA = SQRT(ETA1 

0580 
0590 
0 6 0 0  
0 6 1 0  
0 6 2 0  
0 6 3 0  
0 6 4 0  
0 6 5 0  
0 6 6 0  
0 6 7 0  
0 6 8 0  
0 6 9 0  
0 7 0 0  
0 7 1 0  
0 7 2 0  
0 7 3 0  
0 7 4 0  
0 7 5 0  
0 7 6 0  
0 7 7 0  
0780 
0 7 9 0  
0 8 0 0  
0 8 1 0  
0 8 2 0  
0 8 3 0  
0 8 4 0  

086U 
0 8 7 0  
0 8 8 0  
0 8 9 0  
0 9 0 0  
0 9 1 0  
0920 
0 9 3 0  
0 9 4 0  
0 9 5 0  
0 9 6 0  
0 9 7 0  
0 9 8 0  
0 9 9 0  
1 0 0 0  
1 0 1 0  
1 0 2 0  
1030 
1 0 4 9  
1 0 5 0  

0850  
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C X ( K )  = RHO*CPHI 
C Y ( K )  = RI-IO*SPHI 
I F (  DEL)  7209 7 2 0 9  1000 

720 C A ( K )  = S T H K P H I  
C B ( K )  = STH*SPHI 
C C ( K )  = CTH 

END 
1 0 0 0  RETURN 

1060 
1070 
108Li 
10413 
1 1 3 d  
lllcI 
112il 
1130 
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SURROUT I ‘VE D I RCOS ( t4  ) 
C T H I S  SUBPROGRAM GENERATES D I R E C T I O N  COSItYES ACCORDING TO OPTION. 
C D IMENSIO’ \ I  AND CO‘1’4ON S T A T E Y E N T S  ARE TrlOSE OF THE ‘ 4 A I N  PHOGRAK. 

D I F r E N S I O N  P (  1000) 9 Q( 1000)  9 X l ( 1 U O i ) ) r  X 2 ( 1 0 0 0 ) 9  
I C E ( 1 4 1 9  Y 1 ( 1 0 0 9 ) ,  Y 2 ( 1 0 0 0 ) 9  2 1 ( 1 0 0 0 )  9 2 2 ( 1 0 0 0 ) 9  
2 cP(50) 9 D C P ( 5 0 9 5 0 1 9  E C P ( 5 O ) g  CAP,! ( 5 1 ) 9 

3 E G ( 5 3 )  9 P l f I  ( 5 0 9 5 1 )  9 C X (  1 4 )  9 CY ( 1 4  1 9 I dORtG(  1 4 )  9 

4 C Z (  1 4 )  9 C A (  141 9 CU(14) 9 C C (  14) t ’YEIC.t-tT( 1 4 )  
.CO”’~ON I1 t J1 9 1 2  9 J L  9 1 3  9 J 3  
CO~~’YON I C  * 9 I D 9 I E  9 L I B T  9 CS t L I B 1  
CONYOY cs 1 9 F L I U  9 P # E  9 9 L l  

CO‘lr’OY T H E T A 1  9 X 1  9 x 2  9 T H E T A 2  9 Y 1  9 Y 2  
COM’lON 21 9 2 2  9 CP 9 23 9 OCF’ 9 24 
COPlb‘ON ECP 9 GAM 9 E G  9 P H I  9 c x  9 CY 
C O t ~ ’ ” 4 O N  cz 9 CA 9 CY 9 c c  9 C E  I WEIGHT 
COr\’:YON NOREG 9 L I S T  
K = M  
GO T O  (10009 1009 3 0 0 9  4009 1009 1001 LOU# 1001 1009 10019 11) 

100 C A L L  R A N D ( R 1 )  
R I 1  RI + R I  1.0 
C A L L  R A N D ( R 1 )  
l i 1 2  = R I  + R I  1.3 
C A L L  R A N D ( R 1 )  
R 1 3  = R I  + ’ R I  - 1 r O  
E T A  = R I l + R I l  + RI2+R12 + I ’ \ I 3 * R I 3  
I F ( E T A  1.0) 110, 110, 103 

1 1 0  E T A  = S Q R T ( F T A 1  
C A ( K )  = X I l / E T A  
C B ( K )  = R I 2 / E T A  
C C ( K )  = R 1 3 / E T A  

120 C A ( K )  = A B S ( C A ( K ) )  
GO T o  1000 

190 C A ( K , )  = = A B S ( C A ( K )  1 
GO TO 1000 

140 C H ( K I  = A B S ( C B ( K ) )  
GO TO 1300 

1 5 0  C R ( K )  = - A B S ( C B ( K ) )  
GO T O  L O O 3  

160 C C ( K )  = A R S ( C C ( I 0 )  
GO TO 1000 

170 C C ( K )  = - A R S ( C C ( Y ) )  
GO TO 1000 

300 C A L L  R A N D (  R I  1 
SU”1 = 0.0 
L = ’ 3  

310 L = L+1 

G O  TO ~ 1 0 0 0 ~ 1 0 ~ 0 ~ 1 0 0 0 t 1 0 0 0 ~ 1 2 ~ ~ 1 3 0 ~ 1 4 0 ~ 1 5 0 ~ 1 6 0 ~ 1 ~ 0 ~ ~  I D  

s w  = su’ + cr-’(L) 

0030 
0010 
0020 
0040 
0 0 5 0  
0060 
007C 
uG8C 
G O Y O  
O l U U  
0110 
0120 
d13q 
0140 
0150 
0160 
0260 
0 2  70 
0 2  80 
0 2 9 0  
0300 
0310 
0320 
0330 
0340 
0350 
0360 
03 70 
0 3 8 0  
0390 
0400 
0410 
0420 
0430 
0440 
Q 4 5 U  
0460  
0470 
3480 
3 4 9 c  
d 5 d J  
051e  
u 5 L \) 
d 5  3 ,  
d 5 + d  
V 5 3 ~  
3 5 0-L 

d57V 
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IFlSUM - RI) 310, 320‘s 320 

CC(K) = GAM(L) + RI+(GAM(L+l)-GAM(L)) 
320 CALL RAND(R1) 

325 CALL RAND(R1) 
911 = RI+RI-l.O 
CALL RAND(R1) 
RI2 = RI+RI-l.O 
ETA = RIl*RIl + R12*RI2 
I F ( ETA-1.0 1 330s 3 3 0 s  3 2 5  

330 ETA = SQRT(ETA1 
CPHI = RIl/ETA 
SPHI = RIZ/ETA 

CA(K) = RIl*CPHI 
CB(K1 = RIl*SPHI 
50 TO 1000 

400 CALL RAND( R I  1 
SUM = 0.0 
L = O  

410 L = L+1 
Sufi” = SU’I + C P t L )  
IF(SU’4 - RI) 4 1 0 ,  4209 420 

420 C A L L  RAND(R1) 
CCtK) = CAY(L) + RI*(GAM(L+l)-GAM(L)) 
CALL RAqD(R1) 
SU‘1 = 0.0 
Irl I R = 0 

430 “IR = NIR+1 
SU’Sh = SU’4 + OCP(L , I \ l IR )  
IF(SUY - RI) 430s 4409 440 

E T A  PHI(L,lIR) + RI~(PHI(LINIR+l)-PHI(LtNIR)) 
CPYI = COS(ETA) 
SPHI = SI\(ETA) 

CA(K) = ETA*CPHI 
C B ( Y )  = ETASSPHI 

E“ID 

RI1 = SQRT(1.O .. CC(K)*CC(K)) 

440 CALL IIAPID(R1 1 

ETA = SQRT(1.3 CC(K)*CC(K).) 

1 C30 ti E TURY 

0 5 8 0  
0 5 9 0  
0 6 0 0  
0610 
0620 
0 6 3 0  
0 6 4 0  
0 6 5 0  
0 6 6 0  
0 6 7 0  
U 6 8 G  
0 6 9 0  
0 7 0 0  
0 7 1 0  
0 7 2 0  
0 7 3 0  
0 740 
0750 
0 7 6 0  
0770 
0 7 8 0  
0 7 9 0  
08 00 
0810 
0 8 2 0  
0830 
0 8 4 0  
0850 
0860 
0870 
U880 
08YU 
0900 
0 9  10 
0920 
0 9 3 0  
0 9 4 0  
0950 
0960 
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$ I B F T C  ENERGY DECK 
SURROUT I N E  ENERGY ( M  1 

C THIS SUBROUTI?IE GENERATES P A R T I C L E  ENERGIES. 
C SAME D I MENS I ON AND COVYON STATEMENTS AS '4A I N PROGHAVo 

D I M E N S I O N  P ( 1 0 0 0 )  9 Q ( 1 0 0 0 )  (I X 1 ( 1 0 0 0 )  9 x2 (1000)  9 

1 C E 1 1 4 ) r  Y 1 ( 1 0 0 0 ) 9  Y Z ( 1 0 0 0 ) r  Z 1 ( 1 0 0 0 ) ( 1  Z 2 ( 1 0 c ) 0 ) ( 1  

3 E G ( 5 1 ) +  P H 1 ( 5 0 r 5 1 ) ( 1  C X ( 1 4 ) r  CY [ 1 4  1 (I TdO!itG( 14) (I 
2 C P (  5 0 )  (I D C P ( 5 0 ( 1 5 0 ) r  E C P ( 5 0 ) r  G A w (  5 1  ) ( I  

4 C Z ( 1 4 )  9 c A ( 1 4 ) ( 1  C H ( 1 4 ) r  C C ( l 4 ) ( 1 ' d E I G t i T ( 1 4 )  
covrvlord 11. (I J1 t '12 # J Z  (I 1 3  9 J3 
COYMON I C  9 I D  9 I E  t L I a T  9 CS (I L I t 1 1  
COM~ION CSl' 9 FLIR 9 P * E  ( I R  V U )  

COb.?YON THETA1 9 X 1  9 x 2  9 THETA2 (I Y 1  B Y2 
COMUIYON 2 1  t 22 (I CP (I 23 (I DCP 9 24  
COPIMOr\! ECP 9 GAY (I EG (I P H I  (I c x  9 CY 
COh.IYON cz  9 CA 9 ct3 9 c c  9 CE 9 15'EIGHT 
COVhfiON NOREG 
K = FA 
C A L L  R A N D ( R 1 )  
SUY = 0.0 
L = o  

10  L = L+1 
SUM = SUY + E C P ( L )  
IF(SUh.q - R I )  101 2 0 9  20 

C E ( K )  = E G ( L )  + R I * ( E G ( L + l ) - E G ( L ) )  
RETURN 
END 

2 0  CALL R A N D ( . R I )  

0030 
0010 
0 0 2 0  
0040 
0050 
0060 
0 0 7 0  

308.J 
6 0 9 3  
d l U G  
9110 
0120 
0131' 
0146 
0150 
0160 
0 2 6 0  
0270 
0280 
0290 
030U 
U310 
0320 
0330 
0340 
0350 
0360 
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I11 Secondary Gamma-Ray Code "902" 

SO2 is  designed t o  write a source tape  containing t h e  source parameters 

f o r  a secondary gamma-ray problem. 

generated with t h e  h i s t o r y  generator  rout ine  H01. The SO2 code ca l cu la t e s  

secondary gamma-ray source parameters f o r  either capture  gamma rays  o r  f o r  

i n e l a s t i c  gamma rays  o r  both provided t h a t  t h e  ranges of energ ies  f o r  the  

two events do not  overlap.  

i n  format t o  t h a t  produced by S o l .  

The code uses as inpu t  a h i s t o r y  tape  

The source t a p e  produced by SO2 is i d e n t i c a l  

3.1 Method 

The parameters descr ib ing  t h e  s p a t i a l ,  energy and d i r e c t i o n  caordi-  

nates ,  as w e l l  as the  i n i t i a l  weight and region of b i r t h  f o r  each second- 

a r y  gamma source, are generated i n  the  Secondary-Source Generator Code 

,502. The input  t o  t h i s  code includes t h e  tape  output obtained from t h e  

running of a neutron problem on H01, and the  c ross  sec t ions  discussed 

in Sect ion 3,2 .2 .  A problem opt ion,  INEL, i s  used t o  i n d i c a t e  whether 

o r  not secondary gammas are t o  be generated from i n e l a s t i c  s c a t t e r i n g ,  

neutron capture ,  o r  from both processes .  

I f  a neutron with energy E has undergone a c o l l i s i o n  i n  a region 
j 

containing material M, then the  p robab i l i t y  P (E ) t h a t  t he  c o l l i s i o n  

is an i n e l a s t i c  s c a t t e r i n g  event i s  defined by the  expression 
M j  

P ( E ) =  
M j  

NE (5 i , n ,n '  (Ej  1 1 N M , i  

NE 0 (E.) 

i=l 

1 N M , i  i , T  J 
i=l 

where NE is t h e  number of elements required t o  descr ibe  t h e  materials 

contained i n  a given problem, 
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N i s  the  atomic dens i ty  of element i i n  material M, M, i 
0 ,(E ) is  the microscopic i n e l a s t i c  s c a t t e r i n g  c ross  sec t ion  f o r  
i ,n ,n  j 

element i a t  energy E and 

(E ) is  t h e  microscopic t o t a l  c ross  s e c t i o n  f o r  element i a t  energy 
3' 

0 
i 9 T  j 

E .  
j 

The quant i ty  v ( E ' )  i s  denoted as the  average number of 

emitted per  i n e l a s t i c  s c a t t e r i n g  event a t  t h e  neutron energy 

M and is defined by 

NE 

M j  
gamma rays 

E i n  material 
j 

'M, i'i,n,n' (Ej)Vi(Ej) 
i=l 

M j NE v ( E ) =  

1 %,i'i,n,n 1 (Ej) 
i=l 

where v.(E.)  i s  defined as t h e  average number of gamma rays given off 
1 J  

a f t e r  an i n e l a s t i c  c o l l i s i o n  with element i and a neutron 

with energy E . 
j 

The quant i ty  q i s  denoted as the  p robab i l i t y  t h a t  a gamma ray 
M,j ,k 

with energy E k 

M of a neutron with energy E 

w i l l  be given off a f t e r  an i n e l a s t i c  c o l l i s i o n  i n  material 

and is defined as follows: 
3' 

NE 

i=l %, i b i , n , n l  (E j )q i ,  j ,k 

i= 1 'M,i"i,n,n' 

- - 
'M,j,k NE 

(Ej 1 

where q i s  defined as t h e  p robab i l i t y  t h a t  a gamma ray  with energy 
i 9 j  , k  

Ek w i l l  be given off following an i n e l a s t i c  c o l l i s i o n  

with element i by a neutron with energy E . 
j 

S i m i l a r  quan t i t i e s ,  ptM(Ej), v '  (E.)$ and q' are defined f o r  M J  M,i,k 

neutron capture. These q u a n t i t i e s  are defined i n  t h e  same manner as 
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i ,n ,n '  (Ej) with t h e  inelastic c ross  s e c t i o n  u p M J  (E.), vM(Ej) ,  and 4 M,i,k 

i n  the  above equations replaced by the  neutron capture c ros s  sec t ion  

CI 

gamma rays are t o  be generated from both inelastic s c a t t e r i n g  and neutron 

(Ej)" It is assumed t h a t  when a problem is  t o  be run i n  which 
i ,n,y 

capture processes, t h e  energy ranges i n  which these  processes are defined 

do not  overlap. I f  t h e  energy ranges do overlap, then separa te  problems 

should be run f o r  each process. 

A program option, IOP, i s  used t o  ind ica t e  t h a t  gamma rays are t o  

be generated e i t h e r  from a l l  neutron c o l l i s i o n s  f o r  which t h e  neutron 

energy f a l l s  within t h e  energy range i n  which gamma-ray production can 

occur, o r  f o r  only those c o l l i s i o n s  i n  which 

where R is  a random number. 

I f  a l l  neutron c o l l i s i o n s  are used t o  generate gamma rayd, then 

the  number of gamma rays given of f  a t  each neutron c o l l i s i o n  is given by 

= pM(E)vM(E) 9 Y 
where W = t h e  neutron weight before c o l l i s i o n  

and E = t he  neutron energy before c o l l i s i o n .  

I f  gamma rays are generated a t  random, then the  number of gamma 

rays given of f  following a neutron c o l l i s i o n  is given by 

W = 'W vM(E) 
Y 

f o r  each of t he  c o l l i s i o n s  f o r  which pM(E) - R 2 0. 

The angular d i s t r i b u t i o n  of t h e  i n i t i a l  d i r ec t ions  f o r  gamma rays  

is  assumed t o  be i s o t r o p i c  i n  the  laboratory system. 

r ec t ion  cosines (a, 13, and y ) a r e  chosen a t  random by use of t he  rejec- 

t i o n  technique i l l u s t r a t e d  i n  Figure 1 (p. 9) .  

The i n i t i a l  di-  
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The i n i t i a l  energy of t h e  gamma r a y  is  determined by computing t h e  

smallest va lue  of k f o r  which 

k 

1 ‘M,j,R R = l  
- R L O .  

The gamma-ray energy is  then taken t o  be  equal  t o  t h e  k t h  e n t r y  i n  t h e  

t a b l e  of gamma ene rg ie s  i n p u t  f o r  the j t h  i n c i d e n t  neut ron  energy group. 

The j used t o  look up t h e  va lues  of q i n  t h e  above express ion  is  
M,j ,R 

t h a t  va lue  of j f o r  which t h e  neutron energy, En, s a t i s f i e s  t h e  equat ion  

The output  of running a problem on SO2 i s  a t ape  conta in ing  1 4  

sets of parameters (X, Y, Z , , a ,  B, y, Ek, W , NR) p e r  t a p e  record.  

i n i t i a l  coord ina tes  X, Y and Z are t h e  coord ina tes  of t h e  neut ron  c o l l i -  

s i o n s  from which gamma rays  r e s u l t  and NR i s  hhe number of t h e  reg ion  

conta in ing  t h e  p o i n t  (X,Y,Z). 

The 
Y 

3.2 SO2 U t i l i z a t i o n  I n s t r u c t i o n s  

The purpose of t h e  SO2 code i s  t o  produce a secondary gamma-ray 

source  t a p e  based upon neut ron  c o l l i s i o n  d a t a  generated by t h e  History- 

Generator Code. The code w i l l  determine source  parameters f o r  gamma 

rays  r e s u l t i n g  from an  i n e l a s t i c  o r  cep tu re  gamma-ray c o l l i s i o n  o r  both.  

The loca t ion ,  d i r e c t i o n ,  energy, weight,  and reg ion  of o r i g i n a t i o n  of 

each secondary gamma ray  is  recorded on t ape  which can be  inpu t  i n  t h e  

History-Generator Code. 

3.2.1 Tape Usage 

The Secondary-Source Code uses  s ix  t ape  u n i t s  i n  a d d i t i o n  t o  t h e  

r e g u l a r  i npu t  and output  u n i t s ,  l o g i c a l  tapes 5 and 6. Input  HISTORY 

tapes  should be loaded as l o g i c a l  t apes  1 and 2 be fo re  s t a r t i n g  a 
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problem on S02. I f  only one HISTORY t a p e  is ava i l ab le  f o r  input,  i t  

should be loaded on l o g i c a l  tape u n i t  1. 

elastic s c a t t e r i n g  is  g r e a t e r  than t h e  maximum energy f o r  capture, source 

I f  t h e  minimum energy f o r  in- 

tapes  f o r  both i n e l a s t i c  and capture gamma rays  may be generated with 

t h e  same problem. The i n e l a s t i c  gamma-ray source tape w i l l  be produced 

on l o g i c a l  t a p e  u n i t  3 and t h e  capture gamma-ray source t ape  w i l l  be 

produced on l o g i c a l  t a p e  u n i t  4 .  I f  bDth the  i n e l a s t i c  and capture 

events are poss ib le  f o r  t he  same inc ident  neutron energies,  only one 

event may be considered i n  a problem. The l o g i c a l  tape  u n i t s  w i l l  s t i l l  

be th ree  f o r  i n e l a s t i c  gammas and four  f o r  capture gammas, 

The operator should be advised t h a t  l o g i c a l  t a p e  u n i t s  9 and 10 

w i l l  be u t i l i z e d  as working tapes during the  course of running a problem. 

3.2.2 SO2 Card Input 

The input  d a t a  f o r  t he  SO2 rout ine  includes one o r  more sets of 

cards i d e n t i f i e d  as problem input da ta  and l i b r a r y  da ta .  

cards must be sequenced i n  columns 69 through 70 beginning with 0001 

i n  the  f i r s t  card. 

68 of a l l  cards i n  each l i b r a r y  deck and t h e  number 00 must be punched 

i n  these  columns of a l l  cards i n  t h e  problem d a t a  deck. Columns 63 

through 66 of a l l  cards are reserved f o r  a deck i d e n t i f i c a t i o n  number, 

The number punched i n  t h i s  f i e l d  of the  f i r s t  card i n  the  problem input 

d a t a  w i l l  be p r in t ed  as the  problem number on the  p r in t ed  output ob- 

Each set of 

The l i b r a r y  number must be punched i n  column 67 and 

tained from running an SO2 problem. 

3.2.2.1 Problem Deck: SO2 Code 

Each problem run on SO2 w i l l  r equi re  t h e  input of a problem deck. 

The prob- The problem deck follows immediately a f t e r  t he  binary deck. 

l e m  input d a t a  and the  formats t o  be used i n  making up a problem deck 

are presented i n  Table X I I I .  



1 1215 NMAT dumber of materials 210 

NEL 

NREG 

Number of elements 

Number of regions 

s8 

S.50 

N G I  Number of gamma rays of d i f f e ren t  s 2  5 
energy given off i n  i n e l a s t i c  events 
over the whole i n e l a s t i c  energy range 

NGC Number of gamma rays of d i f fe ren t  s25 
energy given off i n  capture events over 
the whole capture energy range 

INEL Problem type : 

-1 = i n e l a s t i c  
0 = capture 
1 = both 

IOP Option on number of gammas produced 
p e r  event: 

0 = random choice of events producing 
a gamma of weight 1 

1 = each event produces a gamma reduced 
i n  weight by the  r a t i o  of event 
cross sect ion t o  t o t a l  cross sec t ion '  

ITAPE Lowest (n,n') output tape number 

ITAPEl Lowest (n,y) output tape number 

NIT Number of input h i s tory  tapes 112 

s f o r  which 
L = 0, N I O  = 

s f o r  which 27 
= -1, NCO = 0) 

2 energy f o r  cro =ENERG1 (1) 
o r  ENERG2(1) 
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TABLE XI11 (continued) 

Input 
Card Format It em Definition Limit 

EIN Threshold energy (minimum) for aNERGl (NM) 
inelastic scattering 

ESEC Threshold energy (maximum) for dNERG2 (1) 
capture eyents 

3 

EMIN Minimum neutron energy for cross- ENERGl (NM) 
section input or ENERG2(NM) 

2F10.0 R1 Random number 

R2 Random number 

215 NI Number of neutron energy boundaries s25 
minus one in inelastic range (between 
these boundaries the probabilites of 
getting a different inelastic gamma are 
considered constant) 

NC Number of neutron energy boundaries s25 
minus one in the capture range (between 
these boundaries the probabilities of 
getting different capture gammas are 
considered constant) 

I10 ITP Option for intermediate printout 

= 0, no intermediate printout 
= 1, intermediate printout 

(If MTPREC(l)L4, ITP should = 0) 

4 6E10.4 A(J) Atomic weight of element J J= 1, NEL 

Follows 6E10.4 DN(1,J) Atomic density of element J in material J=l,NEL 
last I (Input with J varying most rapid.) I=l,NMAT 
A(J) card 

Follows 6E10.4 ENI(K) Neutron energy levels in inelastic K526 
last energy range (Once an inelastic event 
DN(1,J) card with element J has been selected, the 

inelastic gamma rays given off for all 
incident neutron energies between ENI(K) 
and ENI(K4-1) are determined from the same 
probability density table, Ql(J,K,M), 
library type 4. ) 
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TABLE X I 1 1  (continued) 
- ~ ~ _ _ _ ~  

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

Follows 6E10.4 ENC(K) 
last  EN1 (K) 
card  

Follows 215 INTAPE (K) 
las t  ENC(K) ca rd  

Follows 1215 MATREG (K) 
l a s t  
INTAPE (K) 
ca rd  

Follows 6E10.0 AWI(K) 
last  MATREG (K) 
ca rd  

Follows 6E10.0 AWC (K) 
last  AWI (K) 
card  

Follows 2110 MTPREC(1) 
last  AWC (K) 
card 

MTPREC (2) 

Neutron energy levels i n  t h e  cap- 
t u r e  energy range: (Comment s i m i -  
lar t o  above) 

K526 

Input  h i s t o r y  t a p e  numbers K = l , N I T  

Material r e fe rence  number of r eg ion  
K. Material number should corre-  
spond t o  material I of  DN(1,K) (MATREG(2) 
= 0, reg ion  2 i s  always o u t s i d e  reg ion)  

K=l,NREG 

Atomic weight of those  elements,  K, K = l , N I O  
f o r  which cs , = 0 

n ,n  

Atomic weight of t hose  elements,  K,  K=l ,NCO 
f o r  which on = 0 

S Y  

Number of records  on inpu t  h i s t o r y  
t a p e  l abe led  HISTORY "INTAPE (NIT) " 

K=NIT 

Number of c o l l i s i o n s  on las t  record 
of above t ape  

3.2.2.2 Library  One: SO2 Code 

Library  type  1 con ta ins  t o t a l  neut ron  microscopic  c r o s s  s e c t i o n s ,  

TCSl(J,K), i n  t h e  energy range i n  which i n e l a s t i c  s c a t t e r i n g  i s  poss ib le .  

The index J i s  t h e  element index and i s  a s c e r t a i n e d  by t h e  inpu t  of t h e  

atomic weight of t h e  element on t h e  f i r s t  card  of t h i s  l i b r a r y ,  there-  

fore ,  l i b r a r i e s  of type  1 may be inpu t  i n  any o rde r .  The index K is  t h e  

energy index and t h e  energy i t  r e f e r s  t o  i s  e q u a l  t o  t h e  Kth energy of 

l i b r a r y  9. 

l i s t e d  i n  l i b r a r y  type  9 since t h e  code performs a l i n e a r  i n t e r p o l a t i o n  

t o  o b t a i n  t h e  c r o s s  s e c t i o n s  a t  ene rg ie s  between those  t a b u l a t e d  i n  

The c r o s s  s e c t i o n s  should be inpu t  a t  t h e  energy p o i n t s  
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l i b r a r y  type  9. 

i n  t h e  problem. 

One type  1 l i b r a r y  has t o  be inpu t  f o r  each element used 

The format t o  be used i n  making up L ib ra ry  type  1 decks 

i s  presented  i n  Table X I V .  

TABLE X I V  

SO2 L ib ra ry  One Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110 I L  Library  type  number =1 

NM Number of c r o s s  s e c t i o n s  t o  be read  5126 
i n  f o r  element J 

E10.4 AW Atomic weight of element J 

2 6E10.4 TCSl(J,K) T o t a l  microscopic  c r o s s  s e c t i o n s  t o  K=l,NM 
cont inues  
on follow- r e f e r r e d  t o  i n  l i b r a r y  type  9 (K 
i ng  ca rds  varies most rap id . )  

be read i n  f o r  element J a t  ene rg ie s  

3.2.2.3 L ib ra ry  Two: SO2 Code 

Library  type  2 con ta ins  NM microscopic  i n e l a s t i c  s c a t t e r i n g  c r o s s  

s e c t i o n s ,  SCSl(J,K), i n  t h e  energy range f o r  i n e l a s t i c  s c a t t e r i n g .  The 

indexes J and K 

t o  be input  f o r  

are t o  be i n p u t  

are def ined  i n  l i b r a r y  type  1. One type  2 l i b r a r y  has  

i 
n,n 

each element f o r  which u , # 0. Library  type  2 d a t a  

according t o  t h e  format g iven  i n  Table XV. 
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TABLE XV 

SO2 Library  Two Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110 I L  

NM 

E10.4 AW 

2 6E10.4 SCSl(J,K) 
eont  i nues  
on follow- 
ing  cards  

Library  type number =2 

Number of c r o s s  s e c t i o n s  t o  be read  1126 
i n  €or  element J 

Atomic weight of element J 

Microscopic i n e l a s t i c  s c a t t e r i n g  c r o s s  K=l,NM 
s e c t i o n  t o  be read  i n  f o r  element J 
a t  ene rg ie s  r e f e r r e d  t o  i n  Library  type 
9 (K v a r i e s  most r ap id . )  

3.2.2.4 Library  Three: SO2 Code 

Library  type 3 con ta ins  NM va lues  of TTSCl(J ,K) covering t h e  ine l a s -  

t i c  s c a t t e r i n g  energy range. These va lues  are t h e  number of gammas given 

o f f  p e r  i n e l a s t i c  event  ve r sus  i n c i d e n t  neut ron  energy. The indexes J 

and K are def ined  i n  l i b r a r y  type 1, 

each element f o r  which o ~ , ~ ,  # 0. 

t o  t h e  format shown i n  Table X V I .  

One l i b r a r y  type  3 i s  requi red  f o r  

Input  l i b r a r y  type  3 d a t a  according i 

TABLE X V I  

SO2 Library  Three Data Format 

( f o r  Columns 1 through 62) 

Inpu t  
L i m i t  Card Format I t e m  D e f i n i t i o n  

1 2110 FL L ib ra ry  type  number =3 

NM Number of energy p o i n t s  a t  which ~ 1 2 6  
average number of gamma rays  p e r  in -  
elastic event  are g iven  (must be same 
number as e n e r g i e s  i n  Library  9) 

E10.4 AW Atomic weight of element J 

2 6E10.4 TTSCl(J,K) Gammas p e r  i n e l a s t i c  scatter f o r  element K=l,NM 
J at  e n e r g i e s  de f ined  by K i n  Library  type  9 
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3.2.2.5 Library Four: SO2 Code 

Library type 4 conta ins  a complete l i s t  of the  gamma energies ,  

EGAM(M), t h a t  are poss ib l e  from i n e l a s t i c  c o l l i s i o n s  with a l l  elements. 

Each l i b r a r y  type 4 conta ins  t h i s  l i s t  and a l l  these  l ists  have t o  be 

i d e n t i c a l .  (M = 1 t o  NGI). Each l i b r a r y  4 a l s o  conta ins  a p robab i l i t y  

dens i ty  tab le ,  Ql(J,N,M). 

The index J i s  the  element index and i s  obtained by t h e  program 

from t h e  va lue  of t he  atomic weight, AW, input  i n  t h i s  l i b r a r y .  The 

index N i s  t h e  incident-neutron energy group index. 

ENI(N) t o  ENI(N+l), N = 1 t o  N I ,  ENI(N)>ENI(N+l). The index M i s  the  

r e s u l t a n t  gamma energy index. That is, i f  t h e  gamma-ray index K is 

picked by a random process i n  t h e  program, the  r e s u l t i n g  gamma energy 

is  EGAM(K). 

t h e  problem f o r  which on,n, # 0. The Ql(J,N,M) of each l i b r a r y  type 4 

cons i s t s  of a matrix of N I  rows and N G I  columns. The sum of t he  Q 1  i n  

any row must l i e  wi th in  the  i n t e r v a l  1.000 f .0001. Each Ql(J,N,M) i n  

row N should be ca l cu la t ed  t o  be t h e  average p robab i l i t y  of ge t t i ng  a 

gamma ray of energy EGAM(M) from an i n e l a s t i c  event wi th  element J, 

assuming equal ly  probable inc iden t  neutron energ ies  from ENI(N) down 

t o  ENI(N+l) MeV. 

ing  t o  the  format shown i n  Table X V I I .  

Group N being from 

One l i b r a r y  type 4 i s  required f o r  each element used i n  

i 

Input d a t a  f o r  l i b r a r y  type 4 are t o  be input  accord- 



E10.4 AW Atomic weight of element J 

2 6E10.4 EGAM(M) Gamma energy l e v e l s  f o r  which M= 1, N G I  
cont'd on Ql(J,N,M) are input 
following cards 

Follows 6E10.4 Ql(J,N,M) Probabi l i ty  t h a t  a gamma ray of energy N = l , N I  
last  EGAM(M) w i l l  r e s u l t  from an i n e l a s t i c  M = l , N G I  
EGAM (M) event of a neutron from energy group 
card index N with element J whose atomic 

weight is  AW 

3.2.2.6 Library Five: SO2 Code 

Library type 5 contains NM t o t a l  neutron microscopic c ross  sec t ions ,  

TCS2(J,K), i n  t h e  energy range f o r  which neutron capture can occur. The 

index J is  t h e  element index and i s  ascer ta ined  by t h e  input of t h e  atomic 

weight of t h e  element on t h e  f i r s t  card of eaeh l i b r a r y .  The index K - i s  

t he  energy index and t h e  energy it  r e f e r s  t o  i s  equal t o  t h e  Kth energy 

i n  l i b r a r y  type 10. One type 5 l i b r a r y  has t o  be input f o r  each element 

ed i n  Table X V I I I  

ck 
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TABLE X V I I I  

SO2 Library Five Data Format 

( fo r  Columns 1 through 62) 

Input 
Card Format I t e m  Def in i t ion  L i m i t  

1 2110 I L  Library type number =5 

NM Number of c ross  sec t ions  t o  be read i n  d 2 6  

E10.4 AW Atomic weight of element f o r  which 
c ross  sec t ions  are being read i n  

2 6E10.4 TSC2(J,K) To ta l  microscopic c ross  sec t ions  t o  be 
read i n  f o r  element J a t  energ ies  re- 
f e r red  t o  by index K,(E (K)> E (K+1) ) 

3.2.2.7 Library Six: SO2 Code 

Library type 6 conta ins  NW microscopic capture  c ros s  sec t ions ,  

SCS2(J,K), i n  t he  energy range f o r  which neutron capture  can occur. The 

index J r e f e r s  t o  the  element number and t h e  index K t o  the  Kth energy 

value i n  l i b r a r y  type 10. One type 6 l i b r a r y  has t o  be input  f o r  each 

element f o r  which CT 

when preparing a l i b r a r y  type 6 deck. 

i 
n, Y # 0.  Table X I X  presents  t he  format t o  be used 

TABLE X I X  

SO2 Library S i x  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  Def in i t ion  L i m i t  

1 2110 I L  Library type number 26 

NM Number of energy po in t s  a t  which micro- 2126 
scopic  capture  c ros s  sec t ions  are given 

E10.4 AW 'Atomic weight of element J 

2 6E10.4 SCS2(J,K) Microscopic capture  c ross  s e c t i o n  t o  be 
read i n  f o r  element J at energ ies  given i n  
l i b r a r y  type 10 (K varies most rap id ly)  
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3.2.2.8 L ib ra rv  Seven: SO2 Code 

Library  type  7 con ta ins  NM va lues  of t h e  parameter TTSC2(J,K). The 

Kth va lue  i n p u t  f o r  TTSC2(J,K) g ives  t h e  average number of gammas g iven  

o f f  p e r  cap tu re  event  by element J f o r  t h e  cap tu re  of neut rons  wi th  

energy EK where E 

i 7 d a t a  i s  r equ i r ed  f o r  each element f o r  which an 

d a t a  are t o  be i n p u t  according t o  t h e  format shown i n  Table XX, 

is t h e  Kth energy i n  l i b r a r y  type  10. One l i b r a r y  type K 

# 0. Library  type  7 
YY 

TABLE XX 

SO2 Library  Seven Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110 FL Library  type  number =7 

NM Number of c r o s s  s e c t i o n s  t o  be read  - e126 
i n  f o r  element J 

E10.4 AW Atomic weight of element J 

2 6E10.4 TTSC2(J,K) Gammas p e r  i n e l a s t i c  scatter f o r  element K=l,NM 
J a t  ene rg ie s  def ined  by K i n  l i b r a r y  
type  10  

3.2.2.9 Library  Eight:  SO2 Code 

Library  type  8 con ta ins  a complete l i s t  of t h e  gamma-ray ene rg ie s ,  

EGAMC(C), t h a t  are p o s s i b l e  from c a p t u r e  events  wi th  a l l  elements.  Each 

l i b r a r y  type  8 con ta ins  t h i s  l i s t  and a l l  t h e s e  l i s ts  have t o  be i d e n t i -  

cal. (M = 1 t o  NGC: f o r  NGC, see 5 t h  i t e m  on 1st card  of d a t a  inpu t .  Each li- 

brary 8 a l s o c o n t a i n s a  p r o b a b i l i t y  d e n s i t y  t a b l e ,  Q2(J,N,M). The index J 

is t h e  element index and is  obta ined  by t h e  program from t h e  va lue  of 

t h e  atomic weight, AW, i npu t  i n  t h i s  l i b r a r y .  The index N i s  t h e  inc ident -  

neutron-energy group index. Group N being from ENC(N) t o  ENC(N+l) ,  
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N = 1 t o  NC, (ENC(N)>ENC(N+l). The index M i s  t h e  r e s u l t a n t  gamma energy 

index. 

i n  t h e  program, the r e s u l t i n g  gamma-ray energy i s  EGAM(K). 

type 8 i s  required f o r  each element used i n  the  problem f o r  which u 

The Q2(J,N,M) of each l i b r a r y  type 8 c o n s i s t s  of a matrix of NC rows and 

NGC columns. The sum of the  42 i n  any row should l i e  i n  the  i n t e r v a l  

(1,000 * .SOOl). Each Q2(J,N,M) i n  row N should be ca lcu la ted  t o  be the  

average p robab i l i t y  of g e t t i n g  a gamma ray  of energy EGAM(M) from a cap- 

t u r e  event with element J, assuming equal ly  probably inc ident  neutron 

energ ies  from ENC(N) down t o  ENC(Nf1) MeV. The format t o  be used i n  pre- 

par ing l i b r a r y  type 8 input  decks i s  shown i n  Table X X I .  

That is, i f  t he  gamma-ray index K i s  picked by a random process  

One l i b r a r y  

i 
n, Y 

# 0. 

TABLE XXI 

SO2 Library Eight Data Format 

( f o r  Columns 1 through 62) 

Input 
Def in i t ion  L i m i t  Card Fo rma t It em 

1 2110 I L  Library type number =4 

NC Number of neutron capture  energy groups 
(Same as NC i n  problem input  da ta )  

E10.4 AW Atomic weight of element J 

2 6E10.4 EGAM(M) Gamma-ray energ ies  f o r  neutron capture  
events .  These energ ies  must be iden t i -  
cal  f o r  a l l  elements. 

Follows 6E10.4 Q2(J,N,M) P robab i l i t y  t h a t  a gamma ray  of energy 
las t  
EGAM (M) 
card t h e  element J whose atomic weight is  

EGAM(M) w i l l  r e s u l t  from a capture  of a 
neutron with energy i n  energy group N by 

given by AW 

3.2.2.10 Library Nine SO2 Code 

Library type 9 lists t h e  set of energ ies  a t  which t h e  c ross  sec t ions  

i n  t h e  i n e l a s t i c  energy range are def ined,  The t o t a l  microscopic c ros s  
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s e c t i o n s  i n  t h e  i n e l a s t i c  s c a t t e r i n g  energy range, TCSl(J,K), t h e  micro- 

s cop ic  i n e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n s ,  SCSl(J,K), and t h e  number of 

gamma rays  g iven  o f f  p e r  inelastic event, TTSCl(J,K), f o r  a l l  elements 

must be g iven  f o r  t h e s e  sets of energ ies .  The set of ene rg ie s  i n  t h i s  

l i b r a r y  may n o t  over lap  those  given f o r  neutron cap tu re  i n  l i b r a r y  type  

10. Table XXII g i v e s  t h e  format t o  be  used i n  prepar ing  a l i b r a r y  type  

9 deck. 

TABLE XXII 

SO2 Library  Nine Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 2110 I L  Library  type  number =9 

NM Number of ene rg ie s  f o r  which cross 5126 
s e c t i o n s  i n  t h e  energy range f o r  
i n e l a s t i c  s c a t t e r i n g  are l i s t e d  

2 6E10.4 ENERGl(M) Energy va lues  f o r  which c r o s s  s e c t i o n s  M = l , N M  
are given (descending o rde r )  

3.2.2.11 Library  Ten: SO2 Code 

L ib ra ry  type  10  l ists  t h e  se t  of ene rg ie s  a t  which t h e  c r o s s  s e c t i o n s  

i n  t h e  energy range f o r  neut ron  cap tu re  are def ined ,  

s cop ic  c r o s s  s e c t i o n  TCS2(J,K), t h e  microscopic  cap tu re  c r o s s  s e c t i o n s ,  

SCS2(J,k), and t h e  number of gamma rays  given o f f  p e r  cap tu re  event ,  

TTSC2(J,K), f o r  a l l  elements must be g iven  f o r  t h i s  set of ene rg ie s ,  

set of e n e r g i e s  i n  t h i s  l i b r a r y  may no t  over lap  those  g iven  i n  l i b r a r y  

type  9 f o r  t h e  i n e l a s t i c  events .  

used i n  prepar ing  a Library  type  1 0  d a t a  deck. 

The t o t a l  micro- 

The 

Table XXIII p r e s e n t s  t h e  format t o  be 
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TABLE XXIII 

SO2 Library  Ten Data Format 

( f o r  Columns 1 t h r d g h  62) 

Input  
Card Format Item Def in i t i on  L i m i t  

1 2110 I L  Library type number =10 

NM Number of energ ies  f o r  which c ross  see- d 2 6  
t i o n s  i n  the  energy range f o r  neutron 
capture  are l i s t e d  

2 6E10.4 ENERG2(M) Energy va lues  f o r  which c ross  sec t ions  M = l , N M  
are given (descending order )  

3.3 SO2 Sample Problem 

A sample problem i s  given i n  t h i s  s e c t i o n  t o  i l l u s t r a t e  t h e  input  and 

output  formats f o r  S02, The SO2 sample problem w a s  designed t o  produee a 

capture  gamma-ray source t ape  using t h e  h i s t o r y  tape  from the  K O 1  sample 

problem discussed i n  Volume 111. The H01.sample problem produced a tape  

containing t h e  c o l l i s i o n  parameters f o r  1,981 c o l l i s i o n s  i n  a concrete  

s l a b  50 mean-free-path lengths  thick., 

3 ,3 .1  SO2 Sample Input  

Table XXIV shows t h e  inpu t  d a t a  f o r  t h e  SO2 sample problem. The 

opt ion  t o  use  only a po r t ion  of t h e  neutron c o l l i s i o n  d a t a  as secondary 

saurce  po in t s  w a s  appl ied ,  The f r a c t i o n  t o  be used i s  determined by t h e  

r a t i o  of t he  capture  c ros s  s e c t i o n  t o  t h e  t o t a l  c ros s  s e c t i o n s  of 9.53 x 

10-1 and 1,958 x t h e  average number of gamma rays  (1.52) per  cap- 

t u r e  is  a l s o  requi red  as input ,  The capture  gamma-ray spectrum is  a l s o  

required as input .  
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3.3.2 SO2 Sample Output 

Table XXV shows t h e  output  from the  SO2 sample problem. Forty-two 

secondary source p a r t i c l e s  were generated.  

records containing information f o r  14 source p a r t i c l e s  each. The f i r s t  

record containing information on the  number of source par t ic les  and t h e  

These were divided i n t o  th ree  

tape  i d e n t i f i c a t i o n  number make a t o t a l  of fou r  records on the  secondary 

gamma-ray source tape .  The number of h i s t o r i e s  p r in t ed  i n  t h e  SO2 out- 

put  r e f e r s  t o  t h e  o r i g i n a l  number of neutron h i s t o r i e s  processed by the  

H01 problem which produce the input  h i s t o r y  tape  used i n  the  SO2 sample 

problem. 
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3.4 SO2 FORTRAN L&et%ags 

D IYENS ION EN1 (26) I ENC(2-61 I INTAPE(25) i 
1 A(8) I AWI(8) I AWC(8) I MATREG( 50 1 i 
2 EGAq(25) I EGAMC(25) I DN(1098) I TCSl(1011261 I 
3 SCSl(10~126) I Ql(10125125) 9 TC52(109126) 9 02(10125125) 9 

4 SCS21101126)r YTPREC(2) I E N E R C ~ ( ~ ~ O ) I  ENERGZ(1301 
CO'-<'lON FL If3 I IL I I5 9 N1 s EN1 9 ENC 
CO~"~"'1ON EVAX I DY 9 TCSl I EL I A  8 AWI 
CO""'qO."! I TAPE I IOP I ITAPEl 9 INTAPE * NIT I L11 
C0"'.'0'4 SCSl I NEL 9 NC I AWC 9 INEL t EGAM 
CO""~O21 !AI IO 9 YCO I N I  I Q2 9 SCS2 * NNAT 
CO'J'ION YATREC I YGI I EGAMC I NGC I DELI I DELC 
CO'!:%'ON TCS2 9 EIN I ESEC 9 NN I PID I MTPREC 

CALL SO2 
CALL TAPS 
CALL SOURCE 
STOP 
E 'I 3 

COY'JOV ENERGl IEYESG~ ~NUEltNUE2 

0150 
0160 
0170 
oleo 
0200 
0210 
0220 
0230 
0240 
0 2 5 0  
0260 
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B I S F T C  FINDER DECK 

10 

20 
30 

4 0  

50 

60 

SUBROUT I N E  FI NDEH ( NENEGY r E  J A Z  ,ENERGY 1 
DImrIsIo~i  EI\JERGY (130) 
FNEGY = NE'VEGY 
FYEGY = FYEGY/2r l )  
STEP = FYEGY 
DO' 30 I = 196 
STEP = STEP/2mO 
LOE = FNEGY 
I F  (E-EYERCY(LOE) I 10, 50s 20 
FY EG Y = FNEG Y +S T E P 
tC: T O  3 0  
FfIEGY = FNEGY-STEP 
COYTIXUE 
LOE = FYEGY 
IF tE-E~'dERtY1LOE) 1 40t50s50 
J A Z  = LOE 
GO T 3  60 
J A Z  = LOE = 1 
IF I J A Z o L E a O )  J A Z  = 1 
RETURY 
END 
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1001 1009 50 

C COHORT -- SO2 
C SUBROUTINE L I B l  I N  SECONDARY GAMMA COdE 502. 
C 

C 
SUBROUTINE L I B l  ( N s K + B g L l  

D I M E N S I O N  8 ( 1 0 , 1 2 6 1  
COMMON FLIB 9 I L  r IS 9 N 1  
K 1  = N / L 2  
K 2  = N - l 2 * K 1  
K 3  = 0 
K4 = 0 
K 5  = 0 
K 6  = 0 
J - K  
I F  ( K 1 )  

50 DO 75 I = 1  sK1 
Y3 = K6 + 1 
K4 = IC3 + 5 
K5 = K 4  + 1 

*. 

K6 = K5 + 5 
READ (5 ,500)(H(JrM),Y=K3,K4), IL1r IS1 
IF (ILL-IL) 6009 559 600 

55 IF (IS1-IS-N1) 600, 60r 600 
60 IS = IS1 

READ (5 ,500)(B(J,M)rY=K5,K6), IL1r IS1 
IF (ILl-IL) 600r 659 600 

65 IF( I S 1 - I S - N 1 )  600, 70, 600 
70 IS=IS1 
75 CONTINUE 
100 K3=K6+1 

IF (K2) 7 0 0 ,  7 0 0 ,  105 
105 GO TO ~120~150~180~210r24@,270~270~270~270~270r270~r K2 
110 FORPAT ( E10.4,5hXI2,14) 
11 1 FOR'JAT ( 2E10.4 946x1 2 9 14 ) 
112 FORFIAT (3E1014r36XI2tI4) 
113 FORMAT (4E10.4,26sX12,14) 
1'14 FORYAT (5E1014r16XIZtf4) 
120 RFAD (5 rllO)B(J,K3), Ill, IS1 
1 2 5  IF (IL1-IL) 6 0 0 ,  130, 600 
130 IF (ISl-IS-Nl) 6009 135, 600 
135 IS = I S 1  0 

GO TO 700 

GO TO 125 

READ (5 ,112) (B(JtM1 rY=K3rK4) 9 ILlr IS1 

150 READ (5 rlil)B(J,K3) + B(J9K3+1) 9 ILlr IS1 

180 K4 = K3 + 2 

GO TO-125 

READ (5 ,lL3)(R(Jr~),~=K3rK4)r IL1, IS1 
GO TO 125 

210 K4 = K3 + 3 

0010 
0020 
0030 
0040 
0050 
0060 
0070 
0170 
0180 
0190 
0200 
0210 
0220 
02 30 
0240 
0250 
0260 
0270 
0280 
02 YO 
0300 
0310 
0320 
0330 
0340 
0350 
0360 
0370 
0380 
0 3 9 0  
0400 
0410 
0420 
0430 
0440 
0450 
0460 
0470 
0480 
0490 
0500 
05 10 
0520 
0533 
0 5 4 0  
9 5 5 0  
0560 
d 5 7 u  
0 5 d d  
35Yd 
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240 Y4 = K3 + 4 
READ ( 5  
GO T O  125 

270 K 4  K3 + 5 
READ ( 5  
I F  ( I L 1 - I L )  

275 I F  (IS1-IS-N1) 
280 I S = I S l  

K3 =Y4+ 1 06 80 
Y2-Y2-6 
IF ( K 2 )  700, 700, 105 

500 FORMAT (6ElOa4*6XI2,14) 0710 
550 FORVAT (35HODISCKEPANCY I N  I a D .  FIELD OF CARD A4,12,14) 0720 
600 J S 1  = IS1 + 10000 0730 

JL1 = I L 1  + 100 0740 
WRITE (6,55O)FLIH, JL1, JSL  0750 
CALL E X I T  0760 

C 0770 
700 K3 3 N +1 0780 

I F  1K3-200) 715, 715, 725 0790 
715 DO 720 MsK39126 0800 
720 R ( J 1 Y I  = 000 0810 

1 7 2 5  I F  ( L )  850, 850, 800 0820 
800 WRITE ( L ) J  0830 

W R I T E  ( L ) ( B ( J , M ) ,  Y = l t L 2 6 1  0 8 4 0  
850 RETURN 0850 

E PI D 0860 
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C COHORT -- SO2 
CSUBROUTIYE LIH2 I N  SECONDARY GAWMA CODE 502.  
C 

C 
SURi?OUTIr\ lE L I R 2  (MZ+J,C,D,MY) 

3 I ~ ~ ~ E ~ 1 S I O N  C ( 2 5 ) ~  D ( l O 9 2 5 9 2 5 )  9 E N 1  ( 2 5 )  9 E N C ( 2 5 )  
CO'WOrV F L I H  + I L  9 IS e N 1  9 E N 1  9 ENC 
Y l  = ( f , ' Y - 1 ) / 6  + 1 
Y 2  = K 1  
'(3 = Q 
y 4  = 9 
I F  ( ' *?Y-24)  2 0 ,  2 0 ,  10 

lr) Y 2  = 4 
20  DO 4 0  " l = l t  K2 

Y3 = K4+1 
K4 = Y3+5 
Y E A 0  ( 5  r 3 5 ) ( C ( I ) r  I = K 3 , K 4 ) r  I LL ,  IS1 
I F  ( I L 1 - I L )  70 ,  259 7 0  

2 5  I F  ~ I S l - I S - N l ~  7 0 ,  3 0 1  7 0  
30  I S = I S l  
3 5  F09 '4AT ( 6 E 1 0 1 4 #  6 x 1 2 9 1 4 )  
40 CO"\TIYlUE 

45 REA0 ( 5  r50)C(25)r I L l r  I S 1  
I F  ( ' f Y - % 4 )  8 0 ,  8 0 ,  45 

5c) FOR'4AT ( E l O e 4 9 5 6 X I 2 ~ 1 4 )  
I F  ( I L l - I L )  7 0 1  559 7 0  

5 5  I F  (151-IS-NlI 709 809 70 
711 JL1  = f L 1  + 100 

J S 1  151 + 1D000 
' 8 , I I ITE ( 6 9 7 5 1 F L I B 1  JLlr J S 1  

'15 FOR'IAT (35H39ISCXEPANCY I N  1.D. F I E L D  OF CARD A ' 4 , 1 2 , 1 4 )  
C-ALL E X I T  

A O  IS = I S 1  
K 1 = Y Y  / 1 2 
K 2 15: p4 Y - 1 2 *K 1 
DO 650 I =  1,blZ 
Y 3  = 0 
Y 4  = 0 
I F  ( Y 1 )  4 0 0 1  4 0 0 ,  1 0 0  

!)O 3 7 5  K5 ~ 1 9 2  
< 3 = K 4 + 1  
Y 4= 1: 3+5 
R E A \ )  ( 5  t35)(D(J,IrL)rL=K3,1~4), IL1,  I S 1  
I F  ( I L 1 - I L )  7 0 ,  i10, 7 0  

1 1 3  I F  ( I S 1 - I S - N 1 )  7 0 9  123, 70 

100 DO 3 7 5  K = l r  K1 

650,  6 5 0 ,  4 0 5  

0020 
0030 
0 0 4 0  
0 0 5 0  

0070 ,  
0170 
0180 
0190 
0 2 0 0  
0 2 1 0  
0 2 2 0  
0 2 3 0  
0 2 4 0  
0 2 5 0  
0 2 6 0  
0 2 7 0  
(3280 
0 2 9 0  
0301) 
0 3 1 0  
0 3 2 0  
0 3 3 0  
0 3 4 0  
0 3 5 0  
0 3 6 0  
0 3 7 0  
0 3 8 0  
0.3 9 0 
0 4 0 0  
0 4 1 0  
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  
0 4 7 0  
0 4 8 0  
0 4 9 0  
05d0 
0510 
0 5 2 0  
0 5 3 0  
0 5 4 0  
0 5 5 0  
0 5 6 0  
0 5 7 0  
0 5 8 0  
0 5 9 0  

00g0 
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405 K7 K 2  
410 GO TO ( 4 2 ~ ~ 4 5 0 ~ 4 8 0 ~ 5 1 0 . t 5 4 0 ~ 5 7 0 ~ 5 7 0 ~ 5 7 0 ~ 5 7 0 ~ 5 7 0 ~ 5 7 0 ~ ~  K 
412 FORYAT ( E1004~56X12t141 
4 1 3 FORMAT ( 2 E 1-0 a 4 9 46 X I 2 9 I 4 1 
414 FORMAT (3E1004936X12t14) 
415 FORMAT (4€1004926X12,14) 
416 FORMAT ( 5E10 a 4 9  16x1 2 9 I4 1 
420 READ ( 5  ,412)D(J,ItK3)9 IL19 IS1 
425 IF (IL1-IL1 709 4309 70 
430 IF (ISl-IS-Nl) 709 4359 70 
435 IS=ISl % 

GO TO 650 
450 READ (5 9413)D(J919K3)9 D(J91rK3+l)r ILLS IS1 

GO TO 425 
480 K 4  = K3+2 

READ ( 5  9414)(D(J,I1L),L=K3,K4)r ILL, I S 1  
GO TO 425 

READ ( 5  ,415)(D(J,I9L),L=K3,K4), IL19 IS1  
GO TO 425 

I?EAD (5 9416)(D(J11rL),L=K3,K4), IL19 IS1 
GO TO 425 

READ (5 ,35)(D(JtI9L)rL=Y3,K4)9 IL19 IS1 
IF (IL1-IL) 709 5759 70 

575 IF (ISl-IS-Nl) 709 5809 70 
580 IS=ISl 

510 K 4  = K.3 + 3 

540 K 4  = K3 + 4 

570 K 4  = K3 + 5 

K 3 =K4+ 1 
K 7 =K 7-6 
IF (K7) 6509 6509 410 

1106 6 2 I 1 I Y Z  
SUM=OaO 
DO66 1L=l9 VY 
SUYtSUM+D ( J I I 9L ) 

650 CONTINUE 

661 CONTIWE 
IF (SUM-10001) 6659 6709 670 

665 IF(SUY -00999 1 6709 6709 662 
670 WRITE (6r68O)FLIBc ILc J9 SUM 
680 FORMAT(19HO ERKOR IN LIBRARY A49 6H TYPE 129 13H ELEPEMT NO. 11, 

1 7tt SUY = Fll.8) 
CALL EXIT 

662 CONTINUE 
RETURN 
E N D  

0600 
9610 

0640 
0650 
0660 
067C 
0680 
0690 
070U 
0710 
0720 
0736 
0740 
0750 
0 760 
0770 
3780 
0790 
0800 
0810 
0820 
0930 
0840 
0850 
0860 
0870 
0880 
0890 
0900 
0910 
0920 
0930 
0940 
0950 
0960 
0970 
0900 
0990 
1000 
1q1u 
1020 
103c 
1040 
1 3 5 ~ 1  
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SUBROUTINE WEED (MYIA) 
DIMENSION A ( 1 3 0 )  
COMMON FLIR, IL, IS, N 1  
K 1  = M Y / 6  
K 2  = MY-6*Kl 
I F  (K2) 50,50925 

25 K 1  = K 1 + 1  
50 DO 100 I 1 , K l  

LAZY = 6+(1-1) + 1 
LOU = 6*1 
READ 15952) ( A ( J ) , J = L A Z Y I L O U ) t I L l t l S l  

I F  ( I L l - I L )  80 ,60980  
60 I F  ( I S 1 - I S - N 1 )  80+100t80 

52 FORYAT (6E1O 0 ( 6 X  12 9 14 1 

1 0 G  I S  = I S 1  
GO TO 200 

8 0  WRITE ( 6 9 8 5 1  F L I H 9 I L 1 , I S l  
85 FORPAAT (35HODISCREPANCY I N  I.DI F I E L D  OF CARD r A 4 r I 2 ~ 1 4 )  

C A L L  E X I T  

END 
200 R E T U R ~  
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SUBROUT I NE SO2 
C COHORT 0- SO2 
C YAIh l  PROGRAY OF SECONDARY GAMMA GENERATION CODE 502. 
C 
C TAPE U N I T S  -- L O G I C A L  TAPE 1 I N P U T  H I S T O R Y  TAPES 
C TAPE U N I T S  -- L O G I C A L  TAPE 2 9 I N P U T  H I S T O R Y  TAPES 
C L O G I C A L  TAPE 9 9 WORKING TAPE 
C L O G I C A L  TAPE 10 9 WORKING TAPE 
C L O G I C A L  TAPE 3 9 OUTPUT SOURCE TAPES9 I N E L A S T I C S  
C L O G I C A L  TAPE 4 9 OUTPUT SOURCE TAPES, CAPTURES 
C 
C h1OTE -- I F  I N E L  = -1 9 TAPES FROM 3 SHOULD BE SAVED* 
C- NQTE 8 '  IF I N E L  = 0 9 TAPES FROM 4 SHOULD BE SAVED* 
C I Y E L  = +1 9 TAPES FliOM 3 AND 4 SHOULD B E  SAVED. 
C 

D I p*'E'!S I OY EN1 ( 2 6 )  9 E N C ( 2 6 )  9 I N T A P E ( 2 5 )  9 

1 A ( 8 1  9 AWI ( 8 )  9 A W C I 8 )  9 M A T R E G ( 5 0 )  9 

2 EGA'd(25)  9 E G A M C ( 2 5 1  I D N ( 1 0 9 8 )  I T C S l ( 1 0 9 1 2 6 )  9 

3 S C S l ( l O t 1 2 6 )  9 Q l ( 1 0 ~ 2 5 ~ 2 5 )  I T C S 2 ( 1 0 9 1 2 6 )  I Q Z ( 1 0 ~ 2 5 ~ 2 5 )  I 
4 S C S 2 ( 1 0 t 1 2 6 1 r  M T P R E C ( 2 )  9 E N E R G 1 ( 1 3 0 ) 9  E N E R G Z ( 1 3 0 ) s  
5 B ( 8 )  
c o k 4 ~ 3 ~  FLIR IL 9 IS 9 Y 1  v ENL 9 ENC 
COt*?'*1ON EVAX 9 DN 9 T C S l  9 E L  P A  9 AWI 
c o w o r . 1  ITAPE IOP 9 I T A P E l  9 I N T A P E  9 N I T  v L l l  
CO'.lCSOW S C S l  9 N E L  9 NC 9 AWC 9 I N E L  9 EGAM 
CO'lf.E.ON N I 3  9 NCO 9 N I  9 Q2 9 SCS2 9 NMAT 
cowiord Y A T R E G  NGI 9 ECAMC 9 NGC 9 D E L I  9 DELC 
COrlVON TCS2 9 E I I d  9 ESEC P NN I P I D  9 MTPREC 
COrl'lOY 
CATA J J J ~ , J J J ~ O , J J J ~ + J J J ~ , J J ~ ~ J J ~ ~ J J ~ /  1 9  29  9 9  1 0 9 3 9  4 /  
KEb!IKD J J 8  
RF>?IND J J 5  
v1 = 1 
REA!) ( 5  9 l O ) N M A T g  NEL, NREGI NGI, NGC, I N E L 9  IOP, I T A P E ,  I T A P  

::'RITE ( 6  , l l ) . " I " IAT,  NEL, hREG, N G I r  NGC, I N E L ,  I O P 9  ITAPE,  I T A P  

EUERC1,ENE'IGZ *NUEL 9NUE2t  I TP 

1 E l 9  PI IT9 N I 0 9  N C 3 r  P 1 0 1  h!N9 IS 

1 E l 9  $ ' I T 9  P i 1 0 9  NCO, P I D I  N N I  IS 
1 0 FOR"14 T 
11 FOR'-?AT ( l H 1 , 3 0 X , l O H I N P U T  DATA / /  1 2 1 5 9 2 X A 4 , 1 2 , 1 4 )  

2 0  I iEAD ( 5  

25 FORtJAT ( 6 E 1 0 . 4 ~ 6 X I 2  9 1 4 )  
2 6  FORFAAT ( l P 6 E l O e 3 9 6 X , 1 2 9 1 4 )  

( 1 2 I 5 9 2 XA4 9 I 2 9 I 4 1 

I F  ( I S - N l )  7 0 9  209 73 
9 2 5 ) EM AX 9 E I N 9 ESEC 9 EM I N 9 DEL I 9 DE L C  9 N Y 1 I I S 1 

!.'RITE ( 6  ~ 2 6 ) E Y A X ~ E I N 9 E S E C ~ E M I h l ~ D E L I ~ D E L C ~ N N l ~ I S l  

I F  ( w i - Y r q  1 809 3 0 9  8 0  
30 I F  ( I S l - I S - U l )  809 3 5 9  80 
3 5  I S = I S l  
40 FOR',IAT ( 2 C l O . 0 9  2 1 5 r 1 1 0 9 2 6 X I Z , I 4 )  

READ ( 5  9 4 0 ) R l r  R 2 r  N I ,  N C s I T P s  N N 1 9 I S L  
W I T E  ( 6  9 4 0 ) ~ i r  RZ, NI, NC~ITP, r i N i 9 1 s i  

0010 
0020 
0030 
0040 

0060 

0080 
0090 
0140 
01 10 
012a 
0230 
0f00 
9.L 50 
0160 
0170 
0f80 

02 00 
0210 
0 2 2 0  
0 2 3 0  
0 2 4 0  
0 2 5 0  
0 2 6 0  

0460 
0470 
0480 
0490 
0 5 0 0  
0490 

0 5 1 0  

0 5 2 0  
0530 
0 5  30 
0 5 4 0  

0 5 5 0  
0 5 6 0  
0 5 7 0  

0 5 9  
0 5 8 0  
0 5 8 0  
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0600 
06 10 
0620 
0630 

G640 

0650 
0660 
0670 

0710 
0720 

37.36 
0740 
3750 
0760 
0770 
0780 
U7YU 

0810 
0820 
3830 
c) 540  
085b 
0 8 6 6  
3 5 6 -  
! jv  71, 
36.*t' 
vr34 
,.; <! ,.I 

oau:, 
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IF (Nf-5) 12009, 1200, 1115 
1115 READ (5 d5)(ENI(I),Ia7,12), NN1, IS1 

WRITE (6 ,261(ENI(Il,I~7,12)~ NY1, IS& 
IF (NY1-NN) 8 0 ,  1117, 80 

1117 IF (IS1-IS-N1) 8 0 ,  1118, 80 
1118 IS=IS1 

IF (MI-11) 1200, 1200r 1130 
1130 READ (5 ,251 (ENI~I)~1~13~18)tNNl~ IS1 

+!RITE (6 r26)(E~I(I),I=13,18)(NN1( IS& 
I F ( ~!Ml=N~l) 80s 1135, 80 

1135 IF (IS1-IS-N1) 80, 1140, 80 
1140 IS = IS1 

IF (NI-17) 1200t 1200, 1145 
1145 R E A D ,  15 r25)(ENI(I)rI=19,24), NN1s IS1 

WRITE (6 r26)(ENI(I)rI=19+24)( NN1s IS1 
IF (NVl-YN) 809 11509 80 

1150 IF (IS1-IS-N1) 80, 1155, 80 
1155 IS = IS1 

IF (NI-23) 1200, 1200, 1160 
1160 READ (5 ,1165)(ENI(I)rI=25,26)r NNlr IS1 

WRITE (6 956 )(ENIlI),I=25r26)+ NNlr IS1 
1165 FORVAT (2ElOe4t46X12,14) 

I F  (NNl-NV) 80, 1170, 80 
1170 IF (IS1-IS-N1) 8 0 ,  1175, 80 
1175 IS= l ;S l  
1200 IF (Ih!EL) 1290, 1215, 1215 
1215 READ ( 5  ,25)(EYC(I)( I=l,61+ NN1s IS1 

!JRITE (6 ,26)(EYC(I), I=116)9 NNlc IS1 
IF (NNl-Y'd) 8 0 ,  1220, 80 

1220 IF (ISl=XS=Nl) 809  1225, 80 
1225 IS=ISl 

IF (NC-5) 1290, 1290, 1230 
1230 READ (5 ,25)(ENC(I), 1=7,12)9 NNlr IS1 

WRITE ( 6  ,261 ( E W (  I )  9 1=79121 9 NN19 IS1 
I F Nh 1-NN 1 8 0 ,  1235, 80 

1235 IF (ISl-IS-Nl) 8 0 ,  12409 80 
124C IS=ISl 

IF (NC-11) 12909 12909 1245 
1245 SEAD ( 5  r25)(EYC(I19 1=13918)9 NN1, IS1 

!:'SITE (6 r26)(EVC(I)r 1=13918)9 NNlr IS1 
IF ( ",'fill-hlhI 1 8 0 9  12509 80 

1250 IF ( ISI-IS-N1) 8 0 ,  1255, 80 
1255 IS=I51 

IF (WC-17) 12909 1290s 1260 
126C R E A D  ( 5  

!:'SITF (6 
IF ( "\isll-NN,) 

luC(I)r I=19924), NNlr IS1 
r261( NC(I), I=19r24), NN1, IS1 

80.9 1265, 80 
1265 IF (IswIs-rii) 80, 1270, 80 
1270 IS=ISl 

'25)($ 

IF (NC-23) 1290, 1290, 1275 

0910 
0920 
0920 
0930 
0940 
0950 
0960 
0970 
0970 

0990 
1000 
1010 
1020 

0980 

1030 
1040 
1050 
1060 
1070 
1070 

1090 
1100 

1120 
1130 
1.130 
1140 
1150 
1160 
1170 
1180 

1080 

i a i o  

1190 
1200 
1210 
1220 
1230 

1240 
1250 
1260 
1270 
1280 

1290 
1300 
1310 
1320 
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1275 READ (5 t1165)(ENC(I)tI=25,26), NN1, IS1 
WRITE (6 956 )(ENC(I),I=25r26), NN1, IS1 
IF (NY1-NY) 80, 1280, 80 

1280 IF ( IS1-IS-Nl) 80, 1285, 80 
1285 IS= IS1 
1290 READ (5 ,96)(INTAPE(I), I=lr 2 ) s  NPI1, IS1 

!&!RITE (6 ,96)(INTAPE(I)g I=lc 21, NNlr IS1 

IF (NN1-NN) 809 1009 80 
100 IF (IS1-IS-N1) 80, 140, 8 0  

150 READ (5 ,95)(YATI?EG(I), I=lr12)r NN19 IS1 
!nlRITE (6 t95)(MATREG(I), I=lrl2)9 NYlr IS1 
IF (NNl-NN) 80, 155, 80 

155 IF (ISl-IS-Nl) 809 160, 80 
160 IS= IS1 

96 FOR'4AT (215r56X912,14) 

95 FORMAT (1215,6Xt12,14) 

140 I S  = IS1 

IF { f!riEG-12 250, 250, 175 
175 READ (5 995 1 (MATREG( I)  9 1=13r24) r 'NNlv IS1 

WRITE ( 6  r95)(MATREG(I), 1=13,24), NN1, IS1 
IF (NN1-NN) 809 1809 9 0  

1 8 C  IF ( IS1--IS-N11 80, 185, 80 
185 IS=ISl 

I F N R E G - ~ ~ )  250, 2509 190 
190 READ 15 ,95)(YATREG(I),I=25936)r NN1, IS1 

WRITE (6 995) (MATREG( I )  91=25936) 9 NNl, IS1 
IF (PIY1-NN) 80, 1959 80 

195 IF (IS1-IS-'41) 8 0 ,  200s 80 
200 IS = IS1 

IF (NREG-36 1 250, 2509 205 
205 READ '(5 r95)(YATREG(Il,I=37,48), NN1, IS1 

WRITE (6 ,951 (wA.TREG( I )  91=37948) 9 NNlr IS1 
IF (NNl-NN) 809 2109 80 

210 IF (IS1-IS-N1) 809  2151 80 
215 IS=ISl 

IF (NREG-48) 250, 250, 220 
220 READ (5 r 2 2 5 ) ( Y A T R E G ( I ) 9 1 = 4 9 r 5 0 ) ,  NNlr IS1 

NRITE (6 , 2 2 5 ) ( M A T R E G ( I ) , I = 4 9 , 5 0 ) r  NN1, IS1 
225 FORMAT (215956x12914) 

230 IF (IS1-IS-N1) 8 0 ,  2359 80 
235 IS=ISl 
250 IF (NIO) 2015r2015,270 

IF (NhIl-NN) a o r  2 3 0 ,  80 

270 READ (5 r52)(AWI(I)r I=lr6 
WRITE (6 I = 1 9 6 
IF (NNl-NM) 80, 275, 

275 IF (IS1-IS-N1) 80s 280, 

t 54 ) ( AW I ( I 1 9 

280 IS = IS1 
IF (NIO-6) 2015,2015r2000 

2000 READ (5, 53 (AWI(I),I = 7981 

9 NN1, IS1 
9 NN1, IS1 
80 
80 

gNN1, IS1 

1330 

1340 
1350 
1360 
1370 

1390 
1430 
1520 
1530 
1533 
1540 
1553 
1560 
1570 
1530 
1583 
1590 
1600 
1610 
1620 
1630 
1630 
1643 
1650 
1660 
1670 
1681: 
1630 
1690 
1730 
1710 
1723 
1730 
1730 
1740 
1753 
1760 
1770 

1800 

1810 
1820 
1830 
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W R I T E ( 6 9 5 6 1 (AWI(1)rI = 7 9 8 )  9NNlr IS1 
IF (NIVl-NN) 80,2005980 

2005 IF (IS1-IS-N1) 80,2010980 
2010 IS = IS1 
2015 DO 2020 J = 198 
2020 B ( J )  = ClaO 

IF INIO) 2030,2030,2025 
2025 DO 2028 J = 19NIO 

DO 2027 I 1vNEL 
IF (A!.?I (J)-A( I )  1 2027,202692027 

GO TO 2028 
2026 R ( I )  = AWI(J) 

2027 CONTINUE 
2028 CONTINUE 
2030 DO 2035 I =: 198 
2035 AWI( 1 )  = B( I )  
20QL IF (NCO) 2055,2055,285 

285 READ (5 952) (AWC(1) rI f l r 6 1  9 NVl9 IS1 
WRITE ( 6  ,54)(AdC(I)rI=1,6)~ NNlr IS1 
IF (KNl-NN) 8 0 #  290, 80 

290 IF (ISl-IS-Nl) 809 295, 80 
295 IS=ISl 

IF ( K O - 6 )  2055,205592040 
2040 READ (5 9 53 1 (ANC(I),I = 7.9819 NNl*ISl 

WRITE (6 956 1 (AWC(Il91 = 7,819 NN19IS1 
IF (KNl-YV) 80,2045,80 

2045 IF (ISl-IS-Nl) 80t2050980 
2050 IS = IS1 
2055 DO 2060 J = 198 
2060 B ( J )  = 000 

IF (NCO) 207092070,2065 
2065 DO 2068 J = lrrVCO 

DO 2067 I = lrNEL 
IF (A:JC( J)-A( 1 )  1 2067,2066,2067 

GO TO 2068 
2066 B(I) = AWCIJ) 

2067 CONTIVUE 
2068 COWTIVUE 
2070 DO 2075 I 1 9 8  
2075 AldC(1) = @(I) 
300 HEAD 1 5  r301)YTPREC(l), MTPRECI2)p NN1, IS1 

WRITE (6 9301)MTPREC(1)9 MTPREC(2)g NN1, IS1 
301 FORLAAT (2110,46X12914) 

I F ( P J ? I l - N N  1 80s 3029 80 
302 IF (IS1-IS-N1) 8 0 9  303, 80 
303 IS = IS1 

IF (IdREG1' 3709 370, 305 
305 IF (i\!REG-53 ) 3109 310, 370 
310 IF(N1T) 3709 370, 315 
315 IF(h1IT-2 1 320, 320, 370 

1850 

1860 
1870 
1880 

1890 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
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3 2 0  I F I N E L )  
3 2 5  I F ( N E L - 8 )  
3 3 0  I F  ( NMAT 1 
335  IF lNMAT-10)  
3 4 0  I F ( N C I 3  
3 4 5  I F ( N G 1 - 2 5 )  
3 5 0  IFINGCI ’  
3 5 5  IF(NGC-25)  
3 6 0  N L I B l  = 0 

N L I H 2  = 0 
N L I R 3  = 0 
NLI f34 = 0 
N L I H 5  = 0 

370, 3709  3 2 5  
330,  330, 3 7 0  
3709  370, 3 3 5  
3409  3409  370 

3509  350, 3 7 0  
3709  3559 3 5 5  
3 6 0 1  360, 370  

370, 345, 3 4 5  

N L I B 6  = 0 
r \ lLIR7 = 0 
NL188 = 0 

GO T O  3 7 1  
369 IPRT=O 

3 7 0  I P R T = 1  
3 7 1  MPRT=O 

I F  ( I N E L )  3 0 0 0 1  3310,  3 0 0 0  

3 0 0 0  DO 1 3 3 8  I = , L + N I  

1 3 0 7  NPRT=l  
1 3 0 8  CONTINUE 
3 0 1 0  MPRT=O 

3 0 2 0  DO 1 3 1 3  I=P,NC 

1 3 1 2  M P R T = ~  
1 3 1 3  CONTINUE 
3 0 3 0  I F ( 1 P R T )  1 3 1 6 9 1 3 1 6 r 1 3 t 5  
13.15 WRITE 16,372)  
1 3  1 6  I F_( NPRT 1 1 3 1 8  9 1 3  1 8  s 1 3  17 
1 3 1 7  W R I T E  ( 6 , 3 7 6 )  
1 3 1 8  I F(P4PRT 1 1 3 2 0 9 1 3 2 0  + 1 3 1 9  
1 3 1 9  WRITE 16,377) 
1 3 2 0  IF(IPRT+NPRT+MPRT) 3739373 ,1321  
1 3 2 1  C A L L  E X I T  

I F ( E N I ( I ) - E N I ( I + l ) )  1 3 0 7 r 1 3 0 8 t 1 3 9 8  

I F  ( I N E L )  30309 3 0 2 0 s  3 0 2 0  

I F ( E N C ( I ) = E N C ( I + l ) )  1 3 1 2 t 1 3 1 3 , 1 3 1 3  

372 FORMAT (67HO ERRQR I N  AN INDEXING PAI~AMETEHI NREG, N1T.r NEL, IYMAT 
1 9 N G I r  NGCe) 

A T  (75HO NEUTRON ENERGY LEVELS I N  INELASTIC RANGE ivOT LISTED 
1 I N  DESENDING ORDER. 1 

377  FORMAT (72HO NEUTRON ENERGY LEVELS IN CAPTURE RANGE NOT LISTED I N  

373  I F ( E N I ( l ) - E Y A X )  3749  3749  1 3 2 2  
1 DESE,YDING ORDER& 1 

1 3 2 2  WRITE ( 6 t 1 3 2 3 )  
1 3 2 3  FORMAT (27140 E N I ( 1 )  GREATER THEN EMAX.) 

1980 
1 9 9 0  

2 0 1 0  
2 0 2 0  

2 0 4 0  
2050 
2 0 6 0  
207u 
2 0 8 0  
2090 
2100 

2 ooe 

2030  

2 1 1 0  
2120 
2 1 3 0  
2340 
2 1 5 0  
2 1 6 0  
2 1 7 0  

2 1 8 0  
2 1 9 0  
2 2 0 0  
2 2 1 0  
2 2 2 0  

2 2 3 0  
2 2 4 0  
2 2 5 0  
2260 
2 2 7 0  
2 2 0 0  
2 2 9 0  
2300 
2 3 1 0  
2 3 2 0  
2 3 3 0  
1340 
2 3 5 J  
136g 
2 3 7 J  
2 3 6 5  
2 3 9 3  
2 409 
2 4 1 d  
2 4 2 3  
2 4 3 u  
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2 5 1 0  

2 5 2 0  

3 7 4  I F ( I N E L 1  375, 380, 3 8 5  
3 7 5  N L I B  4*NEL=3+NIO+l 

3 8 0  N L I B  = 4*VEC-3*NC0+1 

385 N L I B  = 8*NEL=3*(YIO+NC0)+2 
3 9 0  I F ( N L 1 R )  800, 800, 4 0 0  
4 0 0  READ ( ~ V ~ O ~ ) L I B N O , N M , A W , E L + E S ~ F L I B S  IL ,  IS 

I L 9 I S  

GO TO 400 

GO TO 400 

WRITE( 6 ,406 1 LIBNO rNM*AW, EL ,ES rFL16 t 
I F  (L IBNOeGT*8)  GO TO 4 2 5  

4 0 5  F O R M A T ~ Z I 1 0 ~ 3 E 1 O ~ 4 r l 2 X A 4 ~ 1 2 ~ 1 4 ~  
4 0 6  FORMAT ~ 2 1 1 0 ~ 1 P 3 E 1 0 ~ 3 r 1 2 X A 4 ~ X Z ~ I 4 )  

Y l - =  0 
DO 4 1 5  I= l ,NEL 
IF(AW-A( I )  1 415, 4 1 0 1  4 1 5  

GO T O  420  
4 1 3  K 1  = I 

415  COYTIP!UE 
4 2 0  I F ( K 1 )  470, 470, 425  
425 GO T O  ( 4 3 0 r 4 5 0 ~ 5 0 0 ~ 5 5 0 ~ 6 0 0 ~ 6 5 0 ~ 7 0 0 r 7 , 5 0 ~ 9 5 0 r 9 7 0 ~  9LIBNO 

4 3 0  C A L L  LIBl(Y~,Kl,TCSl(ltl),JJ8) 
C 

PIL I81  = N L I R 1 + 1  

GQ T O  390  
YLIY = r4LIB- i  

C 
9 5 0  C A L L  n:JEED (N'I,EE\IERCl) 

y u E 1 = 51 M 
; i L I B = N L I U - l  
GO T O  390 

RlUEZ=Y'4 
r\: L I R = N L I H- 1 
GO T O  390 

'\!l-IH2 = N L I B 2 + 1  
VLIt-3 = " IL IB-1 
GO T O  390  

CALL E X I T  

9 7 3  CALL 'p!EED (NYIENERG~) 

450  CALL LIRl(Nr~~KlrSCSl(1rl)rO) 

4 7 3  >!r?ITF (6,475)AY 

475  FOR'YAT (2aHOELEYEYT !.iITH A T O M I C  'dEIGHT F 7 r 3 9 3 5 H  I S  NOT CALLED FOR 

5 0 0  CALL L I ~ l ( ~ ~ l ' ~ ~ ~ K 1 ~ T C S l ( l ~ l )  9 JJJ4) 
1 I " '  P?Ot?LE'1 I YPUT ) 

t ; ~ I f 3 3  = NL IY3+1  
y L I R  = %LIf3-1 
GO T O  390  

U L I P . 4  = XL fU4+1  
M L I R  = Y L I Y - ~  
GO T O  390 

5 5 0  CALL L I f32 ( N'1 r K  1 9 EGA'v: C 1 1 r W 1 (  1 9 1 q 1 1 1 Y G  I 1 

2 5 3 0  
2 5 4 0  
2 5 5 0  
2 5 6 0  
2 5 7 0  
2 5 8 0  
2 5 9 0  
2 6 0 0  
2610 
2 6 2 0  
2 6 3 0  
2 6 4 0  
2 6 5 0  
2 6 6 0  

2 6 7 0  
2 6 8 0  
2 6 9 0  
27u0 
2 7 1 0  
2 7 2 b  
2 7.3 0 
2 7 4 0  
2 7 5 0  
2760 
2 7 7 0  
2 7 8 0  
2 7 9 0  
2 8 0 0  
2 8 1 0  
2 8 2 0  
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C 
600 CALL LIWl(NY,Kl,TCS2(lrl)rJJ5) 

NLIB5. = N L I H 5 i - 1  
NLIB = N L I B - 1  
GO TO 3 9 0  

C 
6 5 0  CALL L I B ~ ( N M , K ~ , S C S ~ ( ~ V ~ ~ ~ O )  

Y L I B 6  = N L I B 6 + 1  
Y L I H  = N L I R - 1  
GO TO 3 9 0  

N L I B 7  = i\ILIt37+1 
N L I B  f N L I H - 1  
GO T O  3 9 0  

U L I B 8  = rYLIp8+1 
N L I B  = N L I B - 1  
GO TO 390 

7 0 0  CALL L I B ~ ( N M I K ~ , T C S ~ ( ~ , ~ ) ~  J J J 2 )  

750 CALL L I U 2 ( N M , K l , E G A M C ( l )  ,C?Z( l , l , l ) ,NGC)  

800 I F ( 1 N E L )  8959 8 3 0 9  8 0 5  
8 0 5  I F (  NL IB1-NEL)  8 7 0 9  8109  870  
8 1 0  I F ( NL I €3 2-NE L+N I 0 1 8-70, 8159 6 7 0  
815 I F ( ~ v L I H ~ + Y I O - N E L )  8 7 0 ,  8 2 0 ,  8 7 0  

8 2 5  I F ( I N E L )  9009 900 ,  8 3 0  
8 3 0  I F ( N L I R S - \ E L )  8 7 0 9  8 3 5 ,  8 7 0  
8 3 5  IF (NL IH6-YEL+NCO)  8 7 0 9  8 4 0 9  8 7 0  
840 IF(NLI€37-VEL+NCO) 8 7 0 ,  8 4 5 9  870  
8 4 5  I F ( f<L I HB-NEL+NCO ) 8 7 0 ,  3 0 0 ~  87C 
8 7 0  !$R ITE ( 6 , 8 7 5 )  

CALL E X I T  
8 7 5  FOXb?AT ( 7 9 H O  W O N G  YUWER 3F LIt3RARY D E C K S  LOADED OR liiliONG I N E L  

900 C A L L  R I N T  ( R 1 9 R 2 )  

9 0 1  bJRITF ( h r Y O 3 )  
9 0 3  FOR'IAT (29140 ALL INPUT DATA WAS !?EAT) I N . )  
91)5 I iETUliY 

E K !I 

8 2 0  I F ( N L I B 4 + Y I O - N E L )  870, 825,  8 7 0  

1 IUPUT F O R  T H I S  PROBLEM. 1 

I F  ( I T P )  YO59 9 0 5 9  9 0 1  

2 8  30 
2 840 
2 8 5 0  
2860 
2 8 7 0  
2 8 8 6  
2 8 9 0  
2 9 0 0  
2 9 1 0  
2 9 2 0  
2 9 3 0  
294U 
2 9 5 0  
296C 
2 9 7 u  
2 9 b 0  
2990  
3 0 0 0  
3 0 1 3  
3 0 2 0  
3 0 3 0  
3 0 4 0  
3 0 5 0  
3 0 6 0  
3 0 7 0  
3 0 8 0  
3 0 9 0  
3 1 0 0  
31  10  
3 120 
3 1 3 0  
3 1 4 0  

3 2 1 0  
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C COHORT -- SO2 
SUBROUTINE TAPS 
DIMENSION EN1 ( 2 6 )  9 E N C ( 2 6 )  I N T A P E ( 2 5 1 ,  

1 A W I  ( 8  t AMC ( 8 1 9 MATREG(5O)r  
2 EGAY(25)  9 EGAMC(251, DN( 1 0 9 8 )  9 

3 T C S l ( 1 0 9 1 2 6 ) t  S C S 1 ( 1 0 9 1 2 6 ) 9  W t ( 1 0 t 2 5 t 2 5 ) r  
4 T C S 2 ( 1 0 9 1 2 6 )  9 Q 2 ( 1 0 , 2 5 r 2 5 ) t  A ( 8 ) r  
4 S C S 2 ( 1 0 , 1 2 6 ) r  MTPREC(2)  9 E N E R G l ( 1 3 0 ) r  ENERG24130)  

COMMON FLIB, 9 F L  t cs 9 s1 t EN1 9 E I K  
COMMON EYAX t DN I T C S l  9 E L  r A  t Ak!I 
COMMON I T A P E  t IOP 9 I T A P E l  t INTAPE 9 K I T  9 w 1  
COMVOOI\I S C S l  9 'VEL ric 9 AWC 9 I N E L  P EGA'4 
cowdord NIO 9 NCO t S I  I Q2 9 SCS2 9 NYAT 
COMYON MATREG 9 N G I  I EGAXC t NGC t D E L I  9 DELC 
COMVON TCS2 9 E I N  I ESEC 9 NII t P I D  t PITPREC 
COPYON 
DATA JJJ~~JJJ~O~JJJ~,JJJ~,JJB,JJS/ 1 9  2 1  9 1  l O e 3 ,  4 /  
E L  = EMAX 
K 2  = N E L + l  
K3  = K2+1  
REWIND J J S  
REWIND JJJ4 
REWIND J J 5  
REWIND J J J 2  
I F (  I N E L )  10, 200, 10 

ENERG19 ENERG2 t N U E l  tNUE2 t I TP 

C READ INTO CORE ALL T O T A L  CROSS SECTIONS IN I N E L A S T I C  RANGE FOl? A L L  
C ELEMENTS 

a o  NZ = NEL-NIO 
DO 1 5  I = l , N E L  
READ IJJ8 ) K 1  

REWIND J J 8  
I F ( N I 0 )  4 5 9  4 5 9  2 0  

20  DO 40 I = l , Y I O  
DO 3 5  J = l r N E L  
I F ( A U I ( I ) - A ( J I )  3 5 9  25, 3 5  

2 5  DO 3 0  K = 1 9 1 2 6  
3 0  S C S l ( J t K 1  zO.0 
3 5' CON T I NU E 
40 CONTINUE 

1 5  READ ( J J 8  ( T C S l ( K l r J 1  9 J = 1 9 1 2 6 )  

C CALC OF PROBABIL ITY  OF C O L L I S I O I I  I/< VATERIAL I B E I N G  AN I N E L  EVEivT 
4 5  PO 6 5  I= l ,NMAT 

DO 60 ci=11126 
s 1  = 0.0 
5 2  = O b 0  
DO 5 5  K=l,NEL 
I F ( D N (  I r K 1 . 1  5 5 9  559  5 0  

S2 S ~ + O N ( I I K ) * T C S ~ ( K  , J )  
5 0  S 1  = S l + D N ( I ~ K ) + S C S l ( K * J )  

5 5  CONTINUE 

001u 
0020 
0 0 3 0  
0 0 4 0  
0053 
0 0 6 3  
3071) 

009b 
0109 
1j110 
0120 
0 1 3 0  
0140 
0260 

0 3 3 0  
0 3 4 0  
0 3  50  
0 3 6 0  
0 3 7 0  
0 3 8 0  
0 3 9 0  
0 4 0 0  
0410 
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  
u 4 7 0  
9 4 8 0  
0 4 9 0  
0 5 0 0  
0 5 1 0  
0520  
0 5 3 0  
0 5 4 3  
3 5 5 c  
9 5 6 0  
9 5 7 0  
3 5 (5 u 
d 5 3 3  
0 6 C 3  
0615 
062C 
0631 
9 6 4 9  
0 6 5 0  
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I F ( S 2 )  5 6 ,  5 6 r  5 8  

GO TO 60 
5:3 T C S l ( K 2 , J )  = Sl/S2 
6 C  C O X T I \ U E  

6 1  \$!RITE (6 ,621 K 2 ,  I , ( T C S l ( K 2 , L I , L = l r l 2 6 )  
6 2  F O W I A T  (6HO K2= ,I4,4H I =  ~ 1 4 , / 4 3 I - l  I ? A T I O  OF I R E L A S T I C  TO TOTAL CRO 

5 6  T C S l ( K 2 , J )  = 0.0 

I F  ( I T P I  649 64, 6 1  

1 S S  S E C T I O N  / ( 1 P 6 E 1 1 . 4 1 )  
6 4  !*!RITE ( J J 8  1 ( T C S l ( K 2 , L )  , L = 1 9 1 2 6 )  
6 5  C O N T I Y U E  

C R E A 3  I V T O  C9RE A L L  NO. OF GAr:'4AS P t i i  I ' $ E L  SCATTER 
\ : 'RITE ( 6 9 6 6 )  

DO 73 I = l r Y Z  
READ (JJJ4 )Y1 

9E': 'IYD JJJ4 

DO 9 0  I = 1,NVAT 
DO 8 5  J = 1 1 1 2 6  
Sl = 0.3 

66 FORP'AT ( 1 0 H  T A P S 0 0 4 9 5  1 

70 READ (JJJ4 ) ( T C S l ( K l , J ) , J = l , l Z h )  

C CALC AVE N O #  OF GAt*:'IAS GIVE14 3FF C'E!? I N E L  EVENT I h l  P \AT  MATER I A L S  

DO 1 5 0  I = l g V I  

06 60 
0670 
9680 
0690 
0700 

0710 
0 7 2 0  
0730 
0 740 
0 7 5 0  
0760 
0 7 7 6  
0780 
3790 
3 8 0 0  
0811) 
0 8 2 0  
0 8 3 0  

0940 
0850 

0 8 8 0  
0 8 9 0  

0 9 0 0  
u919 
0 9 2 0  
0930 
0 9 4 0  
3 9 5 0  
0960 

09 70 
0 9 8 0  
0990 
1000 
1010 

1 0 2 0  
1030 
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1 0 3 U  
104U 
1050 

10711 

1160 

1190  
1zu0 
1210 

1230 
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1360 
1 3 7 U  
1380 
13v0 
14d0 
141u 
1 4 2 U  
1430 
1440 
1 4 5 0  
146U 
147u 
1 4 8 0  

1533 
1 5 1 0  
152U 
1593 
154U 
1550  
15Gb 
15  'lu 
155u 
1590 
163C 
1tjl.J 
1620 

1 '> ( J  

1 6 3 U  
1 6 4 6  
1650 
166U 
1 6 7 U  
1680  
1690 
1700 
171U 
1720 
1730 
1740 
1750 
1760 

1790-  
1800 
1810 



I F ( S 2 )  2829 282, 2-84 

GO TO 2 8 5  
282  TCS2(1(2,J) = O D O  

2 8 4  TCSZ(K2,J) = 5 1 / 5 2  
285  CONTINUE 

2 8 6  WRITE (6 ,287 )  K2, ‘I, ( f C S Z ( K Z , L ) , L = l r 1 2 6 )  
2 8 7  FORMAT (5H01(2= 91494H I= t I 4 r / 5 7 H  AVERAGE NUMBER OF GAMMA RAY PER 

lTHERMAL NEUTRON CAPTURE / ( l P 6 E l l 0 4 1 )  
2 8 9  WRITE( J J 5  1 ( TCS2( K2, L ) r  L=19126  1 
2 9 0  CONTINUE 

2 9 2  FORMAT ( 10H TAPS014821 

I F  ( I T P I  289, 289, 2 8 6  

WRITE (6 ,292 )  

C CALC OF AVE CAPT XSECTION FOR ENERGY GROUPS AS A FUNCTION OF ELEMENT 
C NUMMBERD GROUP I BEING FROM ENC(1)  TO E f l C ( I + l )  

DO 350 I = 1,NC 
CALL F INDER(MUE2,ENC( I ) r J IENERG2)  
C A L L  FINDER (NUE2,ENC(I+l)tJlrENERG2) 

I F  ( I T P )  2949294,293 
FJ = J 

293  WRITE ( 6 , 2 9 6 )  I, E N C ( 1 ) r  E N C ( I + l ) r J r  ENERG2(J),  E N E R G 2 ( J + l ) r  

2 9 6  FORMAT (51-10 I = r I 4 r 1 3 H  E N C ( I I =  ( l P E l O e 4 r 1 5 H  ENC( 1+1)= r l P E  
1 1 0 0 4 + /  5H J= , I4 *13H ENERGE(J)= r l P E 1 0 * 4 , 1 5 H  ENERGZ(J+ l )=  r1PE 
2 1 0 ~ 4 9 /  5H J l z r I 4 9 1 3 H  E N E R G Z ( J l ) =  ~ l P E 1 0 0 4 9 1 5 H  E N E R G Z ( J l + l ) =  r l P E  
3 1 0 0 4 1  

1, J l r  ENERC2(J l ) ,ENERGZ(J l+ l )  

2 9 4  DO 345 K = 1,NEL 

2 9 7  W R I T E  ( 6 , 2 9 9 )  SCS2(K,J) r S C S 2 ( K r J + 1 )  r S C S 2 ( K v J l )  r S C S Z ( K , J l + l )  
2 9 9  FORMAT (13HO S C S Z l K t J ) =  t l P E l O e 4 r 1 4 H  S C S 2 ( K r J + l ) =  (E10.4r 

2 9 8  I F ( J 1 - J )  2959 2959 300  
295 Q Z ( K 2 t I , K ) =  SCSZ(K,J+l )  + ( O I ~ * ( E N C ( I ) + E N C ( I + ~ ) ) - E N E R G ~ ( J + ~ ) ) *  

I F  ( I T P I  2 9 8  9298,297 

1 13H S C S Z ( K t J l ) =  r E 1 0 4 4 r 1 5 H  S C S 2 ( K r J l + l ) =  rE10.4) 

l((SCS2(K,J)-SCSE(KtJ+l~ )/(ENEKGZ(J)-ENERGZ(J+l))) 
GO TO 3 2 3  

3 0 0  I F ( J 1 - J - 1 )  3459 305,  310 
3 0 5  Q2(K2,19K) = (((SCSZ(KtJl)+(ENC(I)-ENERGZ(Jl))~,((SCS2(K9J)~SCSZ(Kr 

1J1) ) / ( E N E R G 2 ( J ) - E N E R C Z ( J l j  1 ) + S C S 2 ( K , J l )  I * (  (ENC( I ) -ENERG2(JL )  ) / Z O O )  
Z ) + ( ( S C S Z ( K t J l  ) + ( E N C ( I + l ) - E N E R G 2 ( J l ) ) * ( ( S C S 2 ( K , J 1 ) - S C S 2 ( K ~ J l + l ) ) /  
3(ENERGZ(Jl)-ENEdG2(Jl+l)) )+SCS2(K~JP))*((ENERG2(Jl~~E~C(I+l))/ZoO~ 
4 )  ) / ( ‘ENC( I ) -ENC(  1+1) 1 

GO TO’323  
3 1 0  Qif(K29 I r K )  = ( (SCS2(K,J+1 )+(ENC( I )-ENERG2( J+1) ) * (  (SCS2 (K, J) -SCSZ(K 

l r J + 1 ~ ~ / ~ E N E R G 2 ~ J ~ - E N E R G 2 ( J + 1 ~ ~ ~ ~ + S C S 2 ~ K ~ J + l ~ ~ * ~ ~ E N C ~ I ~ ~ E ~ E R G Z ~ J + l ~  
2 1 / 2 e 0 )  

LAZY = J1-J-1 
DO 3 2 0  L = ,  1,LAZY 
J 2  = J+L 

3 2 0  Q2(K2,19K) f QZ(K2919K)  + ( S C S 2 ( K r J Z ) + S C S 2 ( K , J 2 + 1 )  ) * I  (ENERGZ(J2)-  
1ENERGZ(J2+1) ) / Z O O )  

a 820 
1 8 3 0  
1 8 4 0  
1 8 5 0  

1 8 9 0  
1 9 0 0  
1 9 1 0  
1920 
1 9 3 0  
1 0 3 9  
1 0 4 0  
1 9 6 0  

1 9 8 0  

2 0 1 0  
2 0 2 0  

2980 

2110 
2120 
2130 
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5 1  = J1 
O Z ( K 2 ~ 1 , K )  = ( 3 2 ( K 2 9 1 1 K )  + ( S C S Z ( K t J l ) + (  ( E N E R G 2 I J l l - E N C ( I + l )  ) / 2 * 0 ) *  

l ( ( S C S Z ( K , J l ) - S C S Z ( K , J 1 + 1 )  )/(E&ERG2(Jl+l)-ENERG2(Jl) 1 )  ) * ( E N E R G 2 ( J 1 )  
Z - E N C ( I + l ) ) )  / ( E N C ( I ) - F N C ( I + l ) )  

3 2 3  I F  ( I T P I  3 4 5 9  3 4 5 9  3 2 5  
3 3 3  F3R'IAT16HO Y2= ,149 41-1 I= ,149 4H K= r 1 4 9 1 3 H  Q Z ( K 2 t I v K ) S  ,1PE1064)  
3 2 5  bsfRITE ( 6 , 3 3 3 )  K2,  I, KI ' . J2(K2919K)  
345  COclTI?JUE 
3 5 0  CO?dTIWE 

4 0 2  FOR'\ IAT (101-1 TAPS01762 1 
4 0 0  I F (  IVIEL) 4101 4 5 3 9  410 

?!HITE ( 6 , 4 0 2 )  

C CALC OF PSOY OF T\IEUTROY OF ENERGY GROUP J G I V I N G  D I R T H  TO AN I N E L  
C G A W A  4AY ?:'HOSE EYERGY I N D E X  I S  K I t 4  MATERIAL I 

4 1 3  DO 4 4 5  I=l,N'.IAT 
DO 4 4 0  J = l g X I  

DO 435, K - l t N G I  
51 = 0.0 
5 2  = 0.0 
DO 4 3 3  L = l r M E L  
I F ( 3 N ( I , L ) )  4 3 0 ,  4 3 0 9  4 2 0  

4 2 0  51 = S l + D N ( I t L ) + O l ( Y 2 t J ~ L ) K Q 1 ( L , J I K )  
S2 = 5 2 + D U ' ( I , L ) * W l ( K Z t J , L )  

I F ( S 2 )  4 3 2 ,  432, 4 3 4  

GO T O  4 3 5  

4 3 0  CONTINUE 

4 3 2  O ~ ( K ~ ~ J I K )  = 0.0 

4 3 4  O l ( K 3 9 J 9 K )  = S1/S2 
4 3 5  C C W  I VUE 

4 3 6  WRITE ( 6 , 4 3 7 )  K39 J, I , ( W l ( K 3 , J 9 L ) r L = l r N G I )  
4 3 7  FOR'4AT ( 5 t i 3 Y 3 =  , I4 ,4H J= 9 1 4 ~ 4 1 i  I =  t 1 4 9 / 8 3 H  PROHAt3ILITY OF GAMMA K 

I F  ( I T P )  4 4 3 ,  440, 4 3 6  

1 A Y  d I T H  EUEYGY K S E I N G  E>,tI.TTkD DUE TO C O L L I S I O N  WITH NUTRON /Z9H 
2 0 F  EKFRGY J I N  YATFRIUL I. / ( 1 P 6 E l l . 4 ) )  

4 4 0  CON TI NU^ 
4 4 5  NMITE ( J J 8  ) ( ( 0 1 ( ~ 3 t J l , J 2 ) t J l = l r N l ) t J 2 = l r N G I )  

I F (  I " . F L )  5 0 0 9  45Cp 4 5 0  
c CALC OF P R O H  OF r d w . r i i : i \  CF GI-:OUP J G I V I N G  BIXTH TO A CAPTURE GAMMA T 
C R A Y  .*lHC)SE EYE'lGY I N D F X  IS K I Y  MATE l i IAL  I 

45C DO 4 9 5  I=l,Y'."A.T 
99 4?q J= l r ' * !C  
DO 4.s5 K = I r P l C C  
s 1  = 0.0 
52 = n.3 
DO 4 8 0  L=11biEL 
IF(3"( I v L )  ) 4 8 0 9  480 ,  4 7 0  

S2 = 5 2  + D B ( I , L ) * Q ~ ( K ~ , J I L )  
4 7 0  S1 = S 1  + D i ~ l ( I , L ) ~ Q 2 ( K 2 r J , L ) 9 0 2 0  

4 8 8  CC)?TI?!UE 

2 1 5 0  

21y0 
2 2 0 0  
2 2 1 0  
2 2 2 0  
2 2 3 0  
2 2 4 0  
2 2 5 0  
2 2 6 0  
2 2 7 0  
2 2 8 0  
2 2 9 0  
2 3 0 0  
2 3  10 

2 3 4 0  
2 3 5 0  
2 3 6 0  
2 3 7 0  
2 3 8 0  
2 3 9 0  
2 4 0 0  
2 4 1 0  

2 4 2 0  
2 4 3 0  
2 4 4 0  
2 4 5 0  
2 4 6 0  
2 4 7 0  
2 4 8 0  
2 4 9 0  
2 5 0 0  
2 5 1 0  
2 5 2 0  

2 5  5 0  
2 5 6 0  
2 5 7 0  
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I F ( S 2 1  482,  4829  4 8 4  

GO TO 4 8 5  
482  Q2(K3,J,Io 8 000 

4 8 4  QZ(K3,JvK) = S1/S2 
485 '  CONTINUE 

4 8 6  W R I T E  (6 ,487 )  K 3 1  J, 1, ( 0 2 ( K 3 r J v L ) , L ~ l t N G C l  
487 '  FORMA7 (5HOK3=\ ,1494H J= 11494H I =  ,'14,/83H PROBABILITY OF GAMMA K 

1 A Y  WITH ENERGY K BEING EMITTED DUE TO ABSORPTION OF NEUTRON /31H 
2WITH ENERGY J EN YATERIAL I o  / ( l P b E l l 0 4 ) )  

I F  f I T P )  490, 490, 4 8 6  

490, CONTINUE 

5 0 0  REWIND J J 8  
REWIND J J 5  
WRITE ( 6 9 5 0 2 ) .  

I F  ( J N E L )  510, 530, 510  
502 FORFnAT(1OH TAPS021721 

510 DO 515  I -1,N"IT 
5 1 5  READ ( J J 8  ) (TCSl . ( I ,J ) ,J=1,126)  

DO 5 2 0  I t l t N M A T  

DO 5 2 5  I r l t N M A T  

I F  ( I T P I  5309530,526 

5 2 0  READ ( J J 8  ) ( S C S l ( I t J ) , J = 1 , 1 2 6 )  

5 2 5  READ ( J J 8  ) ( ( Q l ( I t J , , K ) , J = l , N I ) r K l l t N G I )  

5 2 6  W R I T E  (6~63Q~(TCSl,(l~J~rSCSl(lrJ)tJnl,lO~ 
6 3 0  FORMAT (1HOlOXlOH ~ C S 1 ( 1 9 J ) 1 4 X l O H  S C S ~ ( l , J ) / ( E 2 1 r 4 , E 2 3 r 4 ) 1  

WRITE (6t640)(Ql(lrl,K)tK1l~NGI) 
6 4 0  FORMAT ( l H 0 2 0 X l O H  Q l ( l , l s K ' ) / ( 6 E 1 5 r 4 1 )  

IFI INEC) 6009 5309 5 3 0  
5 3 0  DO 535 I = l t N M A T  
5 3 5  HEAD ( J J 5  I (TCS2(I ,J) ,J . l ,126)  

DO 5 4 0  I r l g N M A T  
5 4 0  READ ( J J 5  ) ( S C S 2 ( I t J ) , J . l t 1 2 6 )  

DO 5 4 5  fP1,NMAT 

5 4 5  READ ( J J 5  ) ( ( Q 2 ( I , J , K ) , J = l t N C ) 1 K d l , N G C )  

I F  ( I T P )  6 0 0 ~ 6 0 0 , 5 4 6  
5 4 6  WRITE ~ 6 t 6 5 0 ) ~ T C S 2 ( l t J ) ~ S C S 2 ~ l ~ J ~ ~ J ~ l ~ l O l  

6 5 0  FORMAT (1HOlOXlOH TCS2(1,J)14XlOH SCSZ(IrJ)/(E21*4,E23.4)) 
WRITE ( 6 , 6 6 O ) ( Q Z ( l r l , K ) , K = l t N G C l  

660 FORMAT l l H 0 2 0 X l O H  9 2 ( 1 ~ 1 t K ) / ( 6 E 1 5 0 4 ) )  
600 REWIND J J 8 .  

REWIND J J 5  
REWIND J JJ4 
REWIND J J J 2  

2 5 8 0  
2 5 9 0  
2 6 0 0  
2 6 1 0  
2620 

2 6 3 6  
2 6 4 0  
2 6 5 6  
2 6 6 0  
2 6 7 6  
2689 
2 6 9 3  
2 7 0 0  

2 7 1 0  
2 7 2 0  

2 7 3 0  
2 740 
2 7 5 0  
2 7 6 0  

2 7 7 0  
2 7 8 0  
2 7 9 0  
2 8 3 0  
2 0 1 0  
2 8 2 Q  
2 8 3 0  
2 8 4 0  
2 8 3 0  
2 8 6 0  

2 8 7 0  

2 8 8 0  

2 8 9 0  
2 9 0 0  
2 9 1 0  
2 9 2 0  
2 9 3 0  
2940 
2 9 5 0  
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610 CONTINUE 

620 FORMAT (46HO PROGRAM DETECTS NO ERROR I N  SUBROUTINE TAPS.) 
N R I T E  (6,620) 

I? E TURN 
EYD 
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0010 
0 0 2 0  

0040 
u 0 5 0  
006b 

03 53 
u301 
3 3  7u 
U 3 8 0  
0 3 '30 
0 4 u u  
0410 
u41u 
0430 
0440 

u 4  5 3  
U46V 
0470 
0 4 8 0  

0510 
0 5 2 0  
0 5.3 u 
05411 
0 5 5 0  
0560 
0 5 7 0  
8 5 8 0  
0610 
0620 
0630 
0640 
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9 1 2  K6-0 
WRITE (JJ8 )NREC, NHIST, ITAPE,- NG 
WRITE ( J J 5  INREC, NHISTI ITAPE19 NG 

I (I ) - I T A )  9 2 0  

K2 = 1 0716 
GO TO 9 2 5  11723 

9 2 0  CONTINlJE 0 7 3 0  
9 2 5  I F ( K 2 1  9709 970, 1000 

9 1 3  DO 9 2 0  I s 1 9  N I T  

9 1 5  I = o  

9JO WRITE ( 6 r 9 7 5 ) I T A  0 9 9 0  
C A L L  E X I T  0913 

9 7 5  FORMAT (22HOTAPE LABELED HISTORY 1 4 r 3 6 H  IS NOT CALLED FOR I i i  PKOBL 0 9 2 0  
1EV INPUT.) 

1000 I F  ( ITA-MTAPE) 1002,  1001, 1 0 0 2  
1 0 0 1  I F ( M T P R E C ( 1 ) - 2 )  992 ,  982,  9 8 3  

982  h!I?EC=l 
K5=0 
IZO-MTPREC(2) 
GO T O  9 9 0  

983  NI~EC=YTPREC ( 1 -2 
K 5 = 1  
GO TO 9 8 5  

1002 NREC=7999 
K5=0 

9 8 5  120=20 
9 9 0  90 1400 "\I19 NREC 

1 0 0 3  READ ( K l I ( C X 1  9 C Y 1  9 CZ1 t C A 1  9 C81 9 C C 1  
1 C W l ( I ) *  C X Z ( I ) t  C Y 2 ( f ) g  C Z Z ( 1 ) r  
2!~12(1)9 N R S ( I ) s  AWTS 9 CEX 9 N R L i r  I=1, 120) 

1 0 0 4  DO 1400 I t l r I Z O  
I F  (* INEL 1 10059  1010, 1 0 0 5  

1 0 0 5  I F ( C E l ( I ) - E M A X )  1007 ,  1025,  1 0 0 6  

1 0 0 6  P6=P6+100 

1007 I F ( E I N - C E l (  I )  1 1025,  1005, 1 0 0 8  
1008 I F ( 1 N E L )  1009g  1009,  1010 

1 0 0 9  P7=P7+100 

1 0 1 0  I F ( C E l ( I ) - E S E C )  1012,  12009 1 0 1 1  

l o l l  P'R=P8+1.0 

C P6=N0* OF NEUTIIO'dS OF ENERGY GREATER THAN k Y A X  

GO T O  1400 

C P7=NOo OF NEUTRONS OF ENERGY LESS TYAN EI iq  

GO T O  1400  

C P8=NOo OF NEUTRONS OF ENERGY GREATER THAN ESEC 

1 0 1 2  I F ( C E l ( I ) - E M C ( N C + l ) )  1013,  101.3, 1200 

1 0 1 3  P9=P9+100  

1 0 2 5  C A L L  FINDER (NUEl ,CE l ( I ) , J ,ENERGl j  

C P9rNOo O F  NEUTRONS OF ENERGY LESS THAN ENC(NC+ l )  

GO TO 1400 

0 9 3 0  
a 9 7 3  
0983 
0 9 9 0  
1000 
1 0 1 0  
1 3 2 0  
1030 
1040 
1 0 5 0  

1070 
1083 
1 0 9 0  

9 C E l ( I ) t  1 1 6 0  
C 1 1 1 0  

1 1 2 0  
1 1 3 0  
1140 
1 1 5 0  
1 1 6 0  
1170 
1 1 8 0  
1 1 9 0  
1200 
1210 
1223 
1 2 3 0  
1 2 4 3  
1 2 5 0  
1 2 6 3  
1 2 7 0  
1 2 8 0  
129u 
1 3 0 0  
1 3 1 0  
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1330 

1360 
1370 
1380 
1390 

1410 
1420 
1430 
1440 

2470 

14Y0 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
15 70 
1500 
1590 
1600 
1610 

1620 
1630 
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SUY = 0.0 
PI I P L  = N I +1 
DQ 1095 V=2, N I P L  
I F ( C E l ( I ) - E N I ( M ) )  1095 ,  1094 ,  1 0 9 4  

GO TO 1 0 9 7  
1094 J = 41-1 

1 0 9 5  CONTINUE 

3 0 9 7  DO 1 1 0 5  Y = 1,NCI 
C HEGIN RANDOM P I C K  OF ErYEKGY OF EMITTEI2 GA’.IMA RAY ( I N E L A S T I C )  

SUU = SUM + Ql (YRvJ,hO 
I F  ( R1-SUY 1 1100, 1100, 1105 

1100 C F ( I 1 )  = EGAh?(Y) 

K 2  z . 0  
GO TO 1110 

I F  ( I T P )  1 1 1 0 ~ 1 ~ 1 1 0 ~ 1 J . 0 6  
1 1 0 5  CONTlNUE 

1 1 0 6  WRlTE ( 6 , 1 1 0 7 )  KZv SUM9 N I P L ,  J, K l t  EGAY(?/I),  v 
110‘7 FORMAT ( 6 H 3  K2= ,149 6H SUM= r lPE11.4 ,  7H N I P L =  t 1 4 9  4H J= ,149 

1 5H R 1 =  r l P E l l e 4 , l O H  EGAM(M)= , l P E l l e 4 + 4 H  Ll= ,141 
1110 I F ( K 2 )  1570 ,  1120, 1 5 7 0  
1 1 2 0  N O R ( I 1 )  = N R S ( 1 )  

I F (  11-14] 11909 1 1 3 0 9  1 1 3 0  
1 1 3 0  !./RITE ( 1 2 )  ( C X ( Y )  9 C Y ( ’ 4 )  9 C Z ( U )  t C A ( b J )  9 C B ( V )  9 CC(’4) 9 CE(;-I I  9 W ( ‘ % i )  

l t M O R ( ~ 4 )  t M = l r 1 4 )  
I 1  = 1 
IKECS = I R E C S + l  
I F ( 2 0 0 0 0 - I R E C S )  11401 1 1 4 0 ,  1 4 0 0  

1 1 4 0  HEWIRD 1 2  

1144 1 3 1  = 1 3  + 10000 
K 2  = 1 

b!l?ITE ( 6 9 1 1 4 5 )  1 3 1 9  P I D ,  NNN 

I L A S T  = 14 
QDOOFL= ( I R E C S - 1 ) * 1 4  
W R I T E  (611146)QOOOFL,  IRECS, ILASTI  NI-iIST 

1 1 4 5  FORFAAT ( 2 3 H l T A P E  LABELED I N E L A S T I C v I 4 r 5 9 t - I  WAS GENERATED B Y  SECOI‘JDA 
1RY GAMYA SOURCE CODE SO29 PROBLEM i A 4 t I 2 / 4 4 H ’ D A T A  PERTINENT T O  T H I  
25 TAPE ARE AS FOLLOWS.) 

1 1 4 6  FORMAT ( lHO,F13e0,47H = NUMBER OF SECONDARY S#URCE PAKTICLES ON TA. 
1PE/ I .15  983H = NUMBER OF LOGICAL RkCORDS ( V A X .  OF 14  PARTICLESIRECOR 
2 D 9  BEGINNING WITH RECORD 2 1 / 1 1 5 9 3 7 H  = NUVBER OF PARTICLES Oi\l LAST 
3RECORD/115t22H = NUMBER OF H I S T O R I E S )  

1190 I 1  = 1 1 + 1  

1 2 0 0  CALL F INDER L N U E 2 , C E l ( I ) r J ~ E N E l ? G 2 )  
GO T O  1400 

FJ = ’J 
N2N= Y R S ( 1 )  

1 6 5 0  
1660 
1570 
16 o,b 
1 6 Y U  
1 7 . ~ 2  
1 7 1 9  
171d 
1733 
1 7 4 0  
1 7 5 0  
1 7 6 0  

17711 
1 7 8 0  
1 7 9 0  

1 8 0 0  
1810 
1 8 2 3  
1838 
1 9 4 0  
1 8 5 0  
1 8 6 0  
1 8 7 0  
1880 
1 8 Y 0  
1 9 0 0  
1910 

1 9 2 0  
1 9 3 0  
1 9 4 9  
1 9 5 0  
1 3 6 U  
1 9 7 P  
19110 
1 9 9 0  
2030 
2010 
20 7c: 
2083 

2 1 u-0 
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SU”.? = 0.0 
N CP L = h‘ c+ 1 
DO 1 2 5 8  h1N=29 YCPL 
I F ( C E l (  I ) -EKC( ’AN) )  1 2 5 8 9  12569  1 2 5 6  

1 2 5 6  J = ’4i’J*l ’ 
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1 
1 

1 

GO TO 1 2 5 9  
2 5 8  CONTINUE 
259 1 2 7 0  W1,NGC 

Y SUY + Q Z ( Y R , J t Y )  
( l? l-SUrVl) 1260,  1260,  0 

260  E C (  J1) = EGA>IC(M) 
K2 = 0 
GO TO 1 2 8 0  2 5 2 0  

1 2 7 0  COXTINUE 253G 
I F  ( I T P )  1280,1250,1271 

.1271 '*;RITE ( 6 9 1 2 7 2 )  K2, SUM, NCPL, JI R1 ,  EGAMC(M), M 
1 5H R 1 =  r l P E l l a 4 1 1 1 H  EGAMC(M)= r l P E l l r 4 1 4 H  M= ,141 

1 2 8 0  I F ( K 2 f  1570,  1290, 1 5 7 0  

IF( J 1 - 1 4 )  1390,  1300, 1 3 0 0  
1 2 9 0  Q8E(  J1) = NRS( I) 

1 3 0 0  \*!riITE ( J 2 )  ( X 2 ( ' 4 )  9 Y 2 ( M )  9 Z 2 ( M )  I A C ( M )  B C ( M )  I D C ( K )  9 E C ( M )  9 'WZ(1.I 
1) $ N R E ( Y ) r ' 4 = l r l 4 )  
J1 = 1 
JRECS = JRECS+l 
IF (20000-JRECS)  1 3 1 0 1  1 3 1 0 1  1 4 0 0  

1 3 1 0  riE1*!1?4D J2 
1 3 1 5  J 3 1  = J3 + 19000 

!+!RITE ( 6 , 1 3 1 6 ) J 3 1 ,  PIDI  NNN 
JLAST = 1 4  
QO09FL= (JRECS-1)*14 
?'RITE ( 6 t 1 1 4 6 ) Q O O O ? L ~ ,  JRECSi JLAST, NHIST 

1 3 1 6  FOR','AT ( Z l Y l T A P E  LABELED CAPTUREvI4e58H MAS GEI~ERATED UY SECONDARY 
1 GA"1:q'A SOURCE CODE SO2 PROBLEM ,A4,12/44H DATA PERTINENT TO T H I S  T 
ZAPE ARE AS FOLLObiS.1 

1 3 9 0  J1 = J1+1 
1 4 0 9  Y 2  = 1 
1 4 0 1  I F ( K 5 1  1402,  1432,  9 8 2  
1 4 0 2  riEk!If\;D K I  

Y 4  = K 4 + 1  

1 4 2 0  K 1  = J J J 3  
GO TO 1 4 4 3  

1 4 3 0  Y 1  = JJJlQ 
1 4 4 0  I F ( Y 4 4  I T 1 9109 1450,  1 4 5 0  
1 4 5 3  I F (  I r ' E L )  1470, 1455, 1 4 5 5  
1 4 5 5  I F ( J 1 - 1 )  1457,  1457, 1 4 6 0  
1 4 5 7  JLAST = 14 

1 4 5 0  JRECS= J'?ECS+l 

I F ( Y l a E Q a J J J 3 )  GO TO 1 4 3 0  

GO TO 1 4 6 2  

JLAST = ~ 1 - 1  
1:I'FIITE ~ J ~ ~ ~ X ~ ~ I ~ ~ Y ~ ~ I ~ ~ Z ~ ~ I ~ I A C ~ I ~ , D C ( I ~ ~ D C ~ ~ ~ ~ E C ~ I ~ ~ ~ ~ Z ~ I ~ ~ N R ~ ~ I ~ ~  

l I = l , J L A S T )  
1 4 6 2  QOC!SFL= (JRECS-2)*14 + JLAST 

J 3 1  = J 3  + 1 0 0 9 0  

2 5 4 0  
2 5 5 0  
2 5 6 0  
2 5 7 0  
2 5 8 0  
2 5 9 0  
26U0 
2 6 1 0  
2 6 2 0  
2 6  30 
2 6 4 0  
2 6 5 0  
2 6 6 0  
2 6 7 0  
2 6 8 0  
2 6 9 0  
2 7 0 0  
2 7 6 0  
2 7 7 0  
2 7 8 0  
2 7 9 0  
2 8 0 0  
2 8 1 0  
2 5 2 0  
2 8 3 0  
2 8 4 0  
2 8 5 0  
2 8 6 0  
2 8 7 0  
2 8 8 0  
2890 
2 9 0 0  
2 9 1 0  
2 9 2 0  
2 9 3 0  
2 9 4 0  
2 9 5 0  
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WRITE ( 6 + 1 3 1 6 ) J 3 1 9  P I D ,  NNN 
!dRITE (691146)QOOOFL,  JRECS, JLASTI NHIST  
REWIND J 2  

1470 I F (  I N E L )  1 4 7 2 9  14909 1 4 7 2  
1 4 7 2  IF(I1-1) 1 1 7 3 ,  1 1 7 3 9  1 4 7 3  
1 1 7 3  I L A S T  = 14  

1 4 7 3  IRECS=IRECS+ l  
GO TO 1474 

I L A S T  = 11 - 1 
WRITE ( 12) ( C X (  I ) , C Y (  I ,CZ(  I , C A (  i 1 ,CB( I 1 ,CC( I ) ,cE( I ) ,w (  I )  , N O H (  I )  , I  

l = l , I L A S T )  
1 4 7 4  0 0 0 0 F L =  ( I R E C S - 2 ) * 1 4  + I L A S T  

I 3 1  = 13 + 1 0 0 0 0  
!nlIIITE ( 6 9 1 1 4 5 )  I 3 1 9  P I U ,  NNN 
WRITE ( 6 , 1 1 4 6 ) W O O O F L ~  IRECS, ILAST,  ltlHIST 
IiEWIN’I I2 
I F  ( I T P I  1 6 0 1 ~ 1 6 0 1 r 1 4 4 9  

1 4 9 0  h’R I T E  6,1680 f P 6  9P7 , P e r  P9 
’dl? I TE ( 6 9 1 6 9 0  1 P 5 

1 6 0 1  Wl i ITE ( 6 , 1 6 7 5 )  
GO T O  1.703 

1575, WRITE ( 6 9 1 5 7 5 )  
CALL E X I T  

1 5 7 5  FORMAT (41HOTHERE I S  AN E l i l i O R  I N  A PROBABIL ITY  TAt jLE)  
1 6 7 5  FORNAT (15HOEND OF PROBLEM) 
1 6 8 0  FORMAT { l H O t F 1 4 * 1 + 4 5 H  =NO* OF NElJTR3;;IS OF ENERGY GREATE? THAN EMAX 

1 / F 1 5 r l r 4 1 H  =NO* OF WEUTRONS OF ENERGY LESS THAN E I N / F 1 5 . l r 4 5 H  =NO. 
2 OF NEUTRONS OF ENERGY GREATER THAN E S F C / F 1 5 * 1 9 4 8 H  = NO. OF NEUTRO 
3N5 OF ENERGY LESS THAN ENC ( r \ l C i - 1 )  1 

1690 FORMAT ( l H O , F 1 4 * 1 ~ 5 2 H  =NO. OF NEUTRONS WITH REGIOlL NUMBER LESS THA 
IN zmo.)  

1 7 0 0  RETURN 
END 

2960 
2 9 7 0  

3 0 0 0  
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3 0 8 0  
3090 
3100 
3110 
3120 

2980 

3150 
3160 

3180 
3 1 9 0  
3200 
3 2 7 0  
3280 
3290 
3300 
3310 
3320 
3330 

,3350 
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I V  Tape-Read Code "CO1" 

The "CO1" Tape-Read Code i s  one o f . t h e  fami ly  of seven r o u t i n e s  t h a t  

comprises t h e  COHORT (Ca lcu la t ion  of Heating o r  Radia t ion  Transport)  Code. 

The purpose of t h i s  code i s  t o  read  a b inary  t ape  t h a t  has  been w r i t t e n  

by one of e i t h e r  t h e  primary o r  secondary Source-Generator Code, t h e  

History-Generator Code, t'he Tape-Sort Code o r  t h e  Analysis  Code, "A02." 

4 .1  Method 

The code au tomat i ca l ly  reads  t h e  f i r s t  two records  w r i t t e n  on t h e  

tape.  The f i r s t  record  i s  an  information record,  and t h e  second record  

is  t h e  f i r s t  d a t a  record.  Af t e r  t h e s e  two records  are read,  t h e  code 

w i l l  select a t  random and read  a given f r a c t i o n  of those  records  between 

t h e  Mlth and MZth records ,  un le s s  t h e  t a p e  i s  one t h a t  has  been produced 

by t h e  Juggle  (Tape S o r t )  code. I n  t h i s  case t h e  code w i l l  select and 

read a t  random a g iven  f r a c t i o n  of t h e  records  w i t h i n  each energy super- 

group. The f r a c t i o n  of r eco rds  t h a t  t h e  code reads  wi th in  each energy 

sufier-group o r  between records  M 1  and M2 i s  determined by an inpu t  number. 

I f  t h i s  number is inpu t  as 1, t h e  code reads  a l l  t h e  records  between M 1  

and M2 o r  i n  t h e  energy group; bu t ,  i f  t h e  inpu t  number i s  some f r a c t i o n  

less than  1, t h e  code reads  approximately t h a t  po r t ion  of t h e  records .  

4.2 C O 1  U t i l i z a t i o n  I n s t r u c t i o n s  

4.2.1 Tape U s a E e  

The C O 1  code u t i l i z e s  one t a p e  u n i t  i n  a d d i t i o n  t o  t h e  r e g u l a r  

i npu t  and output  t a p e  u n i t s ,  l o g i c a l  t apes  5 and 6. The C O 1  code reads  

e i t h e r  a SOURCE, HISTORY, SORTED o r  LEAKAGE t ape ,  Whichever t ape  is  t o  

be read  must be  p laced  on l o g i c a l  u n i t  3 befo re  i n i t i a t i n g  t h e  problem. 
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4.2.2 C O 1  Card Input  

I n  o rde r  t o  use  t h e  C O 1  code a set of d a t a  ca rds  and an  inpu t  t a p e  

must be suppl ied .  

i n g  t h e  tape .  

The ca rds  provide  t h e  information necessary f o r  read- 

Input  f o r  t h e  C O 1  Tape-Read Code c o n s i s t s  only of a problem deck 

which should be p laced  immediately behind t h e  b inary  deck. 

requi red  f o r  a C O 1  problem and t h e  format t o  be  used i n  making up a 

problem d a t a  deck are shown i n  Table XXVI. 

The d a t a  
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TABLE XXVI 

C O 1  Problem Input  Data Format 

( f o r  Columns 1 through 62) 

Input  
Card Format I t e m  D e f i n i t i o n  L i m i t  

1 715 K Option number i d e n t i f y i n g  type  of t a p e  
t o  be read  

K = -1, SOURCE o r  LEAKAGE t ape  
K = 0, HISTORY tape  
K = 1, SORTED tape  

M 1  Lower l i m i t  of t h e  range of records  t o  be 36M1 
read  (M1 must be equa l  t o  o r  g r e a t e r  than  3. 
The program reads  t h e  f i r s t  two records  auto- 
m a t i c a l l y  and then  reads  a l l  o r  a p o r t i o n  of 
t h e  records  i n  t h e  range from M 1  t o  M2. This  
va lue  i s  n o t  used by t h e  program i f  K>O, bu t  
a number of 3 o r  g r e a t e r  must be en te red  i n  
o rde r  t o  g e t  t h e  problem t o  run.)  

M2 Upper l i m i t  of t h e  range of records  t o  be 
read  (M2 must be less than  o r  equal  t o  t h e  
number of f u l l  records  on t h e  tape .  This  
va lue  i s  n o t  used by t h e  program i f  K>O, bu t  
a number between 2 and NRECT must be en tered  
i n  o rde r  f o r  t h e  problem t o  run.)  

NSG Number of energy groups i n t o  which t h e  d a t a  on 
a SORTED tape  is  grouped (This number may be 
l e f t  blank i f  a SORTED t a p e  is  no t  being read . )  

NRECT T o t a l  number of r eco rds  on t ape  being read 

NLAST Number of sets of d a t a  on last record  of t ape  
being read  

K 1  Option number t o  determine i f  last  record  on 
t a p e  is  t o  be read  

2 2F10.0 R 1  Input  random number (8-d ig i t  i n t e r g e r )  
E10.4 

R2 Second random number (8-d ig i t  i n t e r g e r )  

RX The f r a c t i o n  of records  beyween and inc luding  
records  M 1  and M2 t h a t  are t o  be read  (This 
number n o t  used i f  i n p u t  t ape  is  a SORTED tape . )  

I f  a SOURCE, HISTORY o r  LEAKAGE t ape  is  being 
read,  t h e  remaining ca rds  may be  omit ted.  
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TABLE XXVI (continued) 
~~ ~ 

Input 
Card Format It em Def in i t ion  L i m i t  

3 6E10.4 BEG(J) The number of sets of da t a  on the  t a p e  J = l , N S G  
being read t h a t  have energies i n  energy 
group J ( 3  = 1, NSG. These values are 
needed only i f  K > O ,  i .e.,  when a SORTED 
tape i s  being read.) 

Follows 6E10.4 X(J) The f r a c t i o n  of t he  records containing J = l , N S G  
last  energies i n  energy group J t h a t  are t o  
BEG (J) read (J = 1, NSG. These values are 
card needed only i f  K>O, i .e . ,  when a SORTED 

t a p e  i s  being read.) 
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4.3 C O 1  Sample Problem 

A sample problem i s  g iven  t o  i l l u s t r a t e  t h e  inpu t  and ou tpu t  formats  

f o r  CO1.  

r ay  source  t ape  produced by t h e  SO2 sample problem discussed  i n  Sec t ion  3.3. 

The C O 1  sample problem w a s  designed t o  l i s t  t h e  secondary gamma- 

4.3.1 C O 1  Sample Input  

The t o t a l  i npu t  f o r  t h e  C O 1  sample problem is  contained on t h e  two 

ca rds  shown i n  Table X X V I I .  The minus 1 i n  columns 4 and 5 i n d i c a t e s  t h a t  

a source  t a p e  i s  t o  be l i s t e d .  The range of records  t o  be read,  M 1  t o  

M2, i s  taken t o  be j u s t  t h e  t h i r d  through t h e  f o u r t h  records  s i n c e  t h e  

first two records  are au tomat i ca l ly  read  by CO1.  The t o t a l  number of re- 

cords is  fou r  and K 1  is  set  equal  t o  1 i n d i c a t i n g  t h a t  t h e  l as t  record i s  

t o  be read.  

t h e  f r a c t i o n  of records  from M 1  t o  M2 t o  be read  i s  set equal  t o  1. 

On t h e  second ca rd  two i n p u t  random numbers are g iven  and 

4.3.2 CO1 Sample Output 

Table X X V I I I  shows t h e  output  f o r  t h e  CO1 sample problem. The f i r s t  

record p r i n t e d  i s  t h e  information record .  The number of r eco rds  and t h e  

p a r t i c l e  op t ion  p r i n t e d  i n  t h e  information record  are erroneous.  The 

nuhber of records  and t h e  number of sets of d a t a  i n  t h e  las t  record  are 

always erroneous because t h i s  information i s  n o t  known a t  t h e  t i m e  t h e  

f i r s t  record  i s  w r i t t e n .  Records two through f o u r  i n  Table X X V I I I  g i v e  

t h e  l o c a t i o n  (X, Y, Z), d i r e c t i o n  cos ines  (A, B, C), energy (E),  weight 

(W) and reg ion  of o r i g i n a t i o n  (NR) of 1 4  secondary gamma rays  each. Thus 

t h e  source  parameters  f o r  a l l  42 source  gammas genera ted  i n  t h e  SO2 

sample problem are l i s t e d .  
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rd u 
id 
Kl 

w u  
H 
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z 
0 
W 
u 
Y 

Y 

UJ 
5 

tL a > 
W z K 

Lu rn z 
3 z 

I z 
0 

c. 
SC 
!Y a 
LL z 

M 

a 

M 

v) 
6 l  
V 

z a 

'. . 
? @  

v) 
w 
I- 

Z 
m 
L3 cr: a a u 
ILI 
-I 

c 

a 

u, 
a a 
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I l l  d o 0  
0 J ; C  
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4.4 CO1 FORTRAN Listings 

C 

c 

T H I S  CODE PRINTS INFORMATION WRITTEN ON SOURCE OR HISTORY TAPES 

( K  = -1 SOURCE TAPE 

( K  = 1 SORTED TAPE 
TAPE NO* 3 ' 1  FlOUNTr SAVE DATA TAPES, INPUT ( K  = 0 HISTORY TAPE 

DIMENSIORl X 0 ( 2 0 ) 9  Y 0 ( 2 0 ) 9  Z 0 ( 2 0 ) 9  A O ( 2 0 ) r  BO(20)r CO(2019 
1 X 1 1 2 0 ) 9  Y l ( 2 0 1 9  Zl(20)r A 1 ( 2 0 ) 9  Bl(20)r Cl(2O)r 
2 E O ( Z 0 ) r  W O ( 2 0 ) r  E l ( 2 O ) r  Wl(20)r N R l ( 2 0 ) g  A"JJ(2019 
3 EX12019 B E G ( 2 0 1 9  X ( 2 0 ) r N R L C ( 2 0 )  

C 0 Y ~ " O R l  x 0  I Y O  9 zo r A 0  9 00 9 co 
C9"~'OY x 1  9 Y 1  9 z 1  9 A 1  I Bl 9 c 1  
COf4'\'Osl EO I !d 0 9 E l  9 w1 I NR1 r AN 
COh'YOY EX I I T A P E  I Ml 9 1.12 9 x  9 BEG 
C O ~ ~ Y O U  R 1  9 R2 9 R X  9 K  s K 1  9 NRECT 
CO'?'JOY b'JLAST 9 RlRLC 
DATA J J J 3 / 3 /  
I IEA3 ( 5  9 2 0 1 K 9  M l r  M29 NSGvNRECT, NLAST9 K 1  

2 0  F0R"AT ( 7 1 5 )  
I F  ( Y 1  - 3 )  32 ,  219  2 1  

2 1  I F  ( : A 2  - 2 )  329  229 2 2  
2 2  I F  (RRFCT - 3 )  2 7 9  23, 2 3  
2 3  I F  (NRECT - h42) 2 4 1  249  2 7  
2 4  '* !9ITE ( 6 9 2 5 ) " 4 2 9  NRECT 
25  FORA4AT(5H0p42 = I 5 9  13H AND NRECT = 1 5 1  78H. i42 SHOULD BE LESS THAN 

1 hiRECT. PRINT OUT OF LAST RECORD SHOULD BE I N  ERROR. 1 
2 7  READ ( 5  9 3 0 ) R l ~  R 2 r  R X  
3 0  FOR>4AT ( 3 F 1 0 . 0 )  

GO T O  3 7  
32  \ i 'RITE ( 6 9 3 5 ) $ * 1 9  XI2 
3 5  FOR'4AT (5HOY1 =915,9H AND 1212 =915,59H. '41 SHOULD BE 3 OR GREATER 

1 APl9  '"2 SIiOULD RE 2 OR GREATER.) 
GO TO 1 5 0 0  

3 7  LREC = 1 

C A L L  s I q T ( R l r R 2 )  

I F  ( K )  40, 5 0 0 s  1 0 0 0  
4 0  READ ( J J J 3  )r\?REC, N, ITAPE, NG 

I T A P F  = I T A P E  + 1 0 0 0 0  
'*!'RITE ( 6 9 5 3 1 I T A P E 9  YRECg N, NG 

5 0  FORhAAT (3214 THE F I l i S T  RECORD OF TAPE SOURCE 141581-1 CONTAIPiS THE FO 
1 L L O W I l c G  IUFORX'ATIO'V. NU"f3ER OF RECORDS = 1 4 9 / 2 5 H  9 NUMBER OF H I S T  
2r)RIE.S = 1 5 t 2 2 H  9 PAl iT ICLE OPTION IS  I 2 t Z H  1 

LREC = LREC +1 

!.;RITE ( 6 9 6 0 )  
60 FORMAT ( 1 O 5 Y 1  PARTICLE COORDIrdATES (X$Y,Z )  DIRECTION COSINE 

0010 
0020 
0 0 3 0  
0 0 4 0  
0 0 5 0  
0060 
0070 
0 0 8 0  
0 0 9 0  
0100 
0110 
0120 
0130 
0140 
0 1 5 0  
0 1 6 0  
0 1 7 0  
0220 
0 3 5 0  
0 3 6 0  
0 3 7 0  
0 3 8 0  
0 3 9 0  
0 4 0 0  
0 4 1 0  
0 4 2 0  
0 4 3 0  
0 4 4 0  
0 4 5 0  
0 4 6 0  
0 4 7 0  

9490 
0 5 0 0  
0510 
0 5 2 0  

0 4 8 0  

0 5 4 0  
0 5 5 0  
0560 
9 5 7 0  
0 5 8 0  
0 5 9 0  
0 6 0 0  
0 6 1 0  
0 6 2 0  
0 6 3 0  
0 6 4 0  
0650 
0660 
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1s (A,B*C) ENERGY(VEV) WEIGHT REGION 1 
I F  (LREC - NRECT) 65, 145, 1 4 5  

65  READ (JJJ3 I ~ X O ~ L ~ I Y O ~ L ~ ~ Z O ~ L ~ ~ A O ~ L ~ ~ ~ O ~ L I ~ C O ~ L ~ ~ E O ~ L ~ ~ W O ~ L ~ ~  
1 N R l ( L ) ,  L = 1914)  

WRITE (6970)LREC 
C 

7 0  FORMAT (15HORECORD NUMBER 1 4 )  
C 

W i I T E  ~ 6 t R O ~ ~ X O ~ L ~ r Y O ~ L ~ r Z O ~ L ~ , A O ~ L ~ , B O ~ L ~ ~ C O ~ L ~ ~  E O ( L ) r W O ( L ) r N  
l R l ( L ) v  L = 1,141 

8 0  FORMAT (LH r l P 8 E 1 2 . 5 r 1 5 )  
!4=1 
I F  (M2 - 2 )  32s 1259 83 

I F  ( Y 4  - 2 )  329 9 0 ,  85 
83 M 4  = Y 1  - 1 

8 5  DO 87  J= 39F.14 

87  R E A D  ( J J J 3  ) 
LREC = LREC + 1 

C 
C 

9 0  DO 120 J = M1,  M 2  
LREC = LREC +1 
CALL RAND ( R )  

IF ( r +  R X  959 959 100 
C 

C 

C 
95 WIZITE /6,70)LREC 

READ ( J J J 3  ~ ~ X O ~ L ~ ~ Y O ~ L ~ ~ Z O ~ L ~ ~ A O o r B O ( L ~ r C O ~ L ~ t E O ~ L ~ ~ ~ O ~ L ~ ~  
1 [ \ IR l (L ) ,  L = 1,141 

C 
WRITE ~ 6 t 8 0 l ~ X O ~ L ~ t Y O ~ L ~ t Z O ~ L I , A O ~ L l r R O ( L ) , C O ~ L ~ ~ C O ~ L ~ ~  EO( L )  9 WO(l.1 9 N  

l l i l ( L ) c  L = 1914)  
C 

C 

C 

C 

GO TO 120 

1 0 0  READ ( J J J 3  1 

120  CONTINUE 

I F  ( K 1 )  15009 15009 125 
125 IF (‘42 - NRECT + 1) 1289 1409 1500 
128 Y3 = V R E C T  - 1 

M5 = Y2 + 1 
DO 1 3 0  J = M59Y3 
LREC = LREC + 1 

130 READ (JJJs ) 
140 LREC = LREc + 1 
145 W R I T E  (6 t7O)LREC 

READ ( J J J 3  ~ ~ X O ~ L ~ ~ Y O ~ L ~ ~ Z O ~ L ~ r A O ~ L ) , B O ~ L ~ ~ C O ~ L ~ v E O ~ L ~ ~ W O ~ L ~ ~  

0 6 7 0  
0680 
0690 
0700 
0710 
0 7 2 0  
0730 
0 7 4 0  
0 7 5 0  
0 760 
0 7 7 0  
0 7 8 0  
0 7 9 0  
0 8 0 0  
0 8 1 0  
0 8 2 0  
0830 
0840 
0 8 5 0  
0860 
0 8 7 0  
0 8 8 0  
0 8 9 0  
0 9 0 0  
0 9 1 0  
0 9 2 0  
0 9 3 0  
0 9 4 0  
0950 
0960 
0970 
0 9 8 0  
0 9 9 0  
1000 
1 0 1 0  
1020 
1 0 3 0  
1 0 4 0  
1 0 5 0  
1 0 6 0  
1 0 7 0  
1 0 8 0  
1090 
1100 
1113 
l l l U  
1 1 3 u  
114C 

1160 
1 1 5 J  
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1 N R l ( L ) ,  L = 1 rNLAST)  

l R l ( L ) c  L = 1,NLAST) 
WRITE ( 6 , 8 0 ) ( X O ( L ) , Y O ( L ) r Z O C L ) r A O ( L ) ,  

TO 1 5 0 0  
C 

C 124U 
WRITE ( 6 9 5 5 0 ) I T A P E t  NREC, N, NG, I L A S T  1 2 5 0  

550 FORMAT ( 3 3 H  THE FIRST RECORD OF TAPE HISTORY 14958H CONTAIWS THE F 1 2 6 0  
lOLLOWING INFORMATION. NUMBER OF RECORDS = 14,/25H 9 NUF<HER OF H I S  1 2 7 0  
2TORIES = 15922H 9 PARTICLE OPTION IS 12913H 9 THER.E ARE 12929 t i  SET 1 2 8 0  
3 s  OF DATA ON L A S l  RECORD. 1 1 2 9 0  

C 1 3 0 0  
LREC = LREC + 1 1 3 1 0  

C 1 3 2 0  
WRITE (6 ,600 )  1 3 3 0  

6 0 0  FORMAT ( 1 1 2 H 1  x o  YO ZO A0 
1 R O  CO EO wo AW NR1 / 70H 
2 x 1  Y 1  2 1  w 1 EX NR 
3LC ) 

I F  (LREC - NRECTl 625, 925,  9 2 5  
6 2 5  READ ( J J J 3  f ( X O ( L ) , Y O ( L ) r Z O ( L ) r ~ O ( L ) t C O ( L ) ~ C O ( L ) ~ E O ( L ) ~ ~ J ~ ( ~ ) ~  

1 X l ( L ) * Y l ( L ) t Z l ( L ) t  W 1 ( L 1 + N17 1 ( L 1 9 A!$ ( L 1 9 

2 E X ( L ) , N R L ~ ( L ) S  L = 1,201 
C 

WRITE ( 6 9 7 0 ) L R E C  
WKITE ~ 6 t 6 5 0 ~ ~ X O ~ L ~ ~ Y O ~ L ~ t Z O ~ L ~ t B O ~ L ~ r C O ~ L ~ ~  EO(L ) ,WO(L) rA  

l W ( L ) , N R l ( L ) , X l ( L ) , Y l ( L ~ , Z l ( L ) ,  1JL(L),E 
Z X ( L ) , N R L ? ( L ) ,  L = i 9 z o )  

6 5 0  FORMAT ( lHOlP9E12*5 ,15 , /1H  1P5E12.5,15) 
C 

C 
V = l  

I F  OM2 - 2) 329 825, 7 0 0  
7 0 0  M 4  = M 1  - 1 

I F  (M4 - 2 )  750,  750, 7 2 5  
725  DO 740  J = 3,Ml 

LREC = LREC + 1 
740’ REAL) ( J J J 3  1 

C 
7 5 0  DO 800 J= M l r M 2  

LREC = LREC + 1 

C A L L  RAN0 (13)  
C 

c 

1 3 4 0  
1 3 5 0  
1 3 6 0  
1 3 7 0  
1 3 8 0  
1 3 9 0  
1 4 0 0  
1 4 1 0  
1 4 2 0  
1430 
1 4 4 0  
1 4 5 0  
1 4 6 0  
1 4 7 0  
1 4 8 0  
1 4 9 0  
1 5 0 0  

1 5 1 0  
1 5 2 0  
1 5 3 0  
1 5 4 0  
1 5 5 3  
1560 
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I F  ( R -  RX 1 780, 780, 79U 
C 

C 
7 8 0  WRITE ( 6 9 7 0 ) L R E C  

READ I J J J 3  ~ ~ X O ~ L ~ ~ Y O ~ L ~ t Z O ~ L ~ ~ A O I L ~ ~ 5 O ~ L ~ , C O I 1 ) , E O I L ~ ~ W O ~ L ~ ~  
1 x 1  ( L )  , Y 1 (  L )  ,z1 ( L )  9 

2 E X ( L ) t N R L C ( L ) *  L = 1 9 2 0 )  
Wl (L)  t N R l ( L ) , A W ( L )  9 

C 
WRITE ( 6 , 6 5 O ) ( X O ( L ) , Y O ( L ) r Z O ( L ) , A O ( L ) , B O ( L ) , C O ( L ) ,  E O ( L ) r W O ( L ) , A  

l W ~ L ) i N R l ( L ) t X l ~ L ) ~ Y l ~ L ~ ~ Z l ~ ~ ~ ~  Wl(L) ,E 
2 X ( L ) g N R L C ( L ) ,  L = 1,20) 

C 

C 

C 

C 

GO TO 8 0 0  

790  READ ( J J J 3  ) 

8 0 0  CONTINUE 

I F  ( K 1 )  1500,  1500,  825  
8 2 5  I F  (M2 - NRECT + 1) 8 5 0 ,  900 ,  1 5 0 0  
8 5 0  Y3 = NRECT - 1 

v 5  = Y 2  + 1 
DO 8 7 5  J = Y 5 t Y 3  
LREC = LREC + 1 

8 7 5  READ ( J J J 3  1 
900 LREC = LREC + 1 
9 2 5  WRITE ( 6 t 7 0 ) L R E C  

READ ( J J J 3  ) ( X O ( L ) ~ Y O ( L ) ~ Z O ( L ) r A O ~ L ~ ~ ~ O ( L ) , C O ( L ) ~ E O ~ L ~ ~ W O ~ L ~ ~  
1 X l ( L ) r Y l ( L ) , Z l ( L ) ,  W1(L) ,NR l (L ) ,AW(L)  9 

2 E X ( L ) t N R L C ( L ) s  L = 1 rNLAST)  

l U ( L )  ( N R l I L )  , X l ( L )  + Y l ( L )  , Z l ( L )  9 

Z X I L ) , N X L C ( L ) ,  L 1sNLAST) 

WRITE ~ 6 ~ 6 5 0 ~ ~ X O ~ L ~ ~ Y O ~ L ~ r Z O ~ L ~ ~ A O ~ L ~ , C O ~ L ~ ~  E O ( L ) r W O ( L ) , A  
Wl (L)  cE 

GO TO 1 5 0 0  
C 
C 

l e 0 0  READ ( 5  , l O l O I ( B E G ( J ) ,  J = 1 tNSG)  
1010 FORMAT l6E10.0)  

READ ( 5  9 1 0 1 0 ) ( X ( J ) r  J= 19NSG) 

READ(JJJ31NREC,N, NG, ITAPE, ILAST 
ITAPE = ITAPE + 1 0 0 0 0  

WRITE ( 6 t l 0 2 0 ) I T A P E ~  NREC, N, NGI ILAST 

C 

C 

1 0 2 0  FORVAT ( 3 2 H  THE FIRST RECORD OF TAPE SORTED 1 4 ~ 5 8 H  CONTAINS THE FO 
lLLO!#iING IUFORMATIONI NUMBER OF RECORDS = I 4 r / 2 5 H  9 NUMBER OF H I S T  
2ORIES = 15922H 9 PARTICLE OPTION I S  1 2 t 1 3 H  9 THERE ARE I 2 9 2 9 H  SETS 
3 OF DATA 011 LAST RECORD. 1 

WRITE ( 6 9 6 0 0 )  

1 6 3 0  
1650 
1660 
1 6 7 0  
1 6 8 0  
1 4 0 0  
1 7 0 0  
1 7 1 0  
1 7 2 0  
1 4 5 0  
1,740 
1 7 5 0  
1 7 6 0  
1 7 7 0  
1 7 8 0  
1790 
t800 
1 8 1 0  
1 8 2 0  
1 8 3 0  
1 8 4 0  
1 8 5 0  
1 8 6 0  
1 8 7 0  
1 8 8 0  
1 8 9 0  
1 9 0 0  
1 9 1 0  
1400 
1 9 3 0  
1 9 4 0  
1 4 5 0  

1 S60 
1 9 7 0  
1 9 8 0  
1 9 9 0  
2 0 0 0  
2010 
2 0 2 0  
2 0 3 0  
2 0 4 0  
2 0 5 0  
2 0 6 0  
2 0 7 0  
2 0 8 0  
2 0 9 0  
2 1 0 0  
2 1 1 0  
2 1 2 0  
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2130 
2140 
2150 
2160 
2170 
2180 
2 1 9 b  
229G 
z 2 1 u  
222b 
2230 
224u 
225U 
2261, 
2270 
2280 
22YU 
2300 
2310 
2320 
14u0 
2 340 
2350 
2360 
1450 

2390 
2400 
2410 
2420 
2430 
2440 
2450 
2470 
2480 
2490 
1400 
2510 
2520 
2530 
1 4 5 G  
1551 

2 5  l i l  

L 5 G 4  

25<>1, 
26Uk 
261b 
Z62b 
26 30 

2330 

2 j c) :J 
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2640 
2650 
1400 
2 6 7 0  
2 6 8 0  
2690 
1450 
2710 
2720 
2 7 3 0  
2740 
2750 
2760 
2770 
2780 
2790 
z a o o  
2810 

2830 
2840 
2 8 5 0  

2880 

2820 

2 8 6 0  
2870 

2900 
2 9 1 0  
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